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THE STOMA.TAL RELATIONSHIPS, LEVELOPl^ IENT, AND MATURE 
STRUCTURE OE SOME AMARYLLIDACEOUS LEAVES._______
An in v e s t ig a t io n  has been made o f:
i )  V a r ia t io n s  in  th e  number and form o f  th e  
stom ata , p a p i l la e ,  and ord in ary  ep iderm al c e l l s  over th e  
in d iv id u a l  l e a f .
i i )  Growth o f  th e  l e a f  w ith  s p e c ia l  r e fe r e n c e  
to  m er is te m a tic  a c t i v i t y ,  and th e  v a sc u la r  sy stem .
i i i )  Com parative anatomy o f  A m ary llid aceou s  
le a v e s  w ith  s p e c ia l  r e fe r e n c e  to  th e  in v e r te d  bundle sy stem .
V a r ia t io n s  in  th e  w ater su pp ly  to  th e  
s u c c e s s iv e  in t e r c a la r y  p o r t io n s  o f  th e  l e a f  cause v a r ia t io n s  
in  th e  degree o f  ex p a n sio n  o f  th e  ep iderm al c e l l s .  This 
m o d if ie s  th e  s to m a ta l freq .u en c ies  (numbers per u n it  area) as  
o th e r w ise  determ in ed  by th e  in d ex  v a lu e  (p r o p o r tio n  o f  
ep id erm al u n it s  co n v er ted  in to  s to m a ta ). The t y p ic a l  
freq u en cy  g r a d ie n ts  a re : i .  In c r e a s in g  g r a d ie n t  from b ase t o ­
wards th e  apex o f  th e  l e a f ,  w ith  a secondary d ecr ea se  a t th e  
a p ex . i i .  I n c r e a s in g  g r a d ie n t  from th e  m id -r ib  to  th e  m argin  
f o r  broad le a v e s ,  and d e c r e a s in g  fo r  narrow le a v e s .
S tom ata l in d ic e s  are more c o n sta n t than  fr e q u e n c ie s , but g iv e  
s im ila r  g r a d ie n t s .
The b a sa l grow th o f  th e  le a f - l im b  i s  due to :
i .  M er istem a tic  a c t i v i t y  and a u x e s is  o f  th e  p e r ip h e r a l t i s s u e s  
form ing th e  ep id erm is and a s s im i la t in g  t i s s u e s .  i i .  A u x es is  
o n ly  o f  th e  c e n tr a l  g r o u n d - t is s u e .
The e x te n t  o f  mature le a f - l im b  in c r e a s e s  d uring  growth but i t s  
w ater su pp ly  i s  l im it e d  by th e  amount th a t  can be conducted  
through  th e  ex ten d in g  zo n e . T h is su p p ly  im proves due to  th e  
l i g n i f i c a t i o n  o f  th e  immature tr a c h e id s  p r e se n t  in  th e  dormant 
l e a f .
In  o n ly  s i x  gen era  o f  th e  A m ary llid aceae are  
c o n c e n tr ic  le a v e s  found e x c lu d in g  th e  C o n o s ty lid e a e . These 
le a v e s  have a d a x ia l in v e r te d  b un d les w hich were found to  
d i f f e r  in  t h e ir  mode o f  co n n ec tio n  w ith  th e  stem sy stem .
They may curve round in to  th e  sh ea th in g  p o r t io n  o f  th e  l e a f -  
b a se , p a ss in g  d i r e c t ly  to  th e  stem  system  as in  la n th e , or 
th e y  may be in d ep en d en t, end ing in  groups o f  s to r a g e  tr a c h e id s  
in  th e  upper p a rt o f  th e  l e a f - b a s e ,  as in  N a r c issu s  r o e t i c u s . 
and Z eohvranthes C andida. I t  i s  d i f f i c u l t  to  harm onise th e  
r e s u l t s  from th e  two l a t t e r  w ith  th e  P h y llo d e  th e o r y .
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L ite r a tu r e  c i t e d .
GENERAL INTRODUCT ION.
I .  The I n t e r e s t in g  r e s u l t s  o b ta in ed  by S a lis b u r y  when 
c o n s id e r in g  th e  v a r ia t io n s  in  th e  s to m a ta l d i s t r ib u t io n  
( fr e q u e n c ie s )  o v er  th e  I n d iv id u a l l e a f  su g g e ste d  th e  d e s i r ­
a b i l i t y  o f  e x te n d in g  su ch  work to  o th e r  l e a f  ty p e s . I t  was 
a ls o  d e s ir e d  to  stu d y  more f u l l y  th e  in t e r a c t io n  o f  s to m a ta l 
in d e x  (th e  p ro p o r tio n  o f  ep id erm al u n it s  co n v er ted  in to  
stom ata) and th e  ex p a n sio n  f a c t o r  ( o f  th e  o rd in ary  ep iderm al 
c e l l s )  in  d e term in in g  t h e  flrequency v a r i a t io n s .  An attem pt 
h as b een  made to  c o r r e la t e  th e s e  v a r ia t io n s  w ith  th e  
v a r ia t io n s  in  w ater su p p ly  d u r in g  grow th. Where p a p i l la e
a re  p resen t t h e i r  m ature s tr u c tu r e  has b een  d e sc r ib e d  and t h e i r  
d is t r ib u t io n  c o n s id e r e d  in  th e  same way as f o r  th e  stom ata , 
th a t  i s ,  th e  v a r ia t io n  in  freq u en cy  and in d e x  v a lu e s  ( th e  
p r o p o r tio n  o f  ep id erm al u n i t s  co n v er ted  in to  p a p i l la e  ) have  
b een  c o n s id e r e d .
I I .  I t  h a s b een  known f o r  a lo n g  tim e ( S t e ih h e i l  1 8 3 7 )th a t  
many le a v e s  grow fo r  a c o n s id e r a b le  p er io d  due to  th e  a c t i v i t y  
o f  a b a s a l zon e and t h a t  th e  apex o f  th e  le a f - l im b  i s  th e  
o ld e s t  p o r t io n .  I t  was d e s ir e d  t o  f in d  th e  e x te n t  and p er io d  
o f  a c t i v i t y  o f  t h i s  m eristem  and t o  d e f in e  th e  p art p la y ed  by  
a u x e s is .  I f  th e  apex o f  th e  l e a f  i s  m ature and t r a n s p ir in g ,  
th e  problem  a r i s e s  a s  t o  how th e  w a te r -su p p ly  to  i t  i s  main­
t a in e d  through  th e  grow ing zone, th a t  i s ,  how are th e  v a s c u la r  
t i s s u e s  in  t h a t  zone a b le  to  undergo g r e a t  e x te n s io n  and a t  
th e  same tim e  conduct an adaquate su pp ly  o f  w ater t o  th e  mature 
l e a f - l im b ,  w h ich  i s  c o n t in o u s ly  in c r e a s in g  in  e x te n t  and demand 
on th e  w ater su p p ly .
I I I .  The g e n e r a l su rv ey  o f  A m ary llid aceou s le a v e s  was under­
ta k e n  to  f in d  th e  r e la t io n s h ip  o f  th e  a s s im i la t in g  t i s s u e  to  
th e  v a s c u la r  sy stem , and to  f in d  how fr e q u e n t i s  th e  o ccu rren ce  
o f  th e  c o n c e n tr ic  ty p e  o f  l e a f  w ith in  th e  fa m ily .
In  exam in ing  th e  b a ses  o f  some le a v e s  w ith  c o n c e n tr ic  
l e a f - l im b s  in v e r te d  b u n d les  were n ot found i n  th e  l e a f - b a s e .
I t  soon  became ob vious th a t  th e  r e la t io n s h ip  o f  t h i s  system  t o  
th e  norm ally  o r ie n ta te d  one o f  th e  stem  v a r ie d ,  so a c r i t i c a l  
in v e s t ig a t io n  was made o f  a s  many d i f f e r e n t  ty p e s  as co u ld  be  
fo u n d .
F A R T  I .
THE VARIATIONS IN NUMBER AND FORM OF THE STOMATA, 
PAPILLAE, AND ORDINARY EPIDERMAL CELLS OVER 
THE INDIVIDUAL LEAF -
AS FOUND IN THE AIvIARYLLIDACEAE.
A c o n s id e r a b le  amount o f  work has b een  done on th e  
com parison o f  th e  s t r u c tu r e  o f  th e  low er and upper le a v e s  o f  
th e  in d iv id u a l  p la n t .  (Z a le n sk i 1 9 0 4 , Yapp 1912 , and o t h e r s ) .
The v a r ia t io n s  in  s t r u c tu r e  o f  th e  le a v e s  b e lo n g in g  to  
d i f f e r e n t  t i e r s  o f  a woodland f l o r a  have a ls o  been  i n v e s t ­
ig a te d  in  d e t a i l  (S a lis b u r y  1 9 2 7 ) . But a t  p re sen t com parat­
i v e l y  l i t t l e  d e t a i le d  work has b een  done on th e  v a r ia t io n s  o v er  
th e  in d iv id u a l  l e a f .  S a lisb u r y  ( P h i l .  T rans. Roy. S o c . B. 
v o l .  2 1 6 ,1 9 2 7  p . 20 -  2 5 ) exam ined th e  ep id erm is o f  some 
e lo n g a te d  m onocotyledonous le a v e s  and found th a t  th e  s to m a ta l 
freq u en cy  ( th e  number o f  stom ata p er  u n it  a rea  o f  l e a f  su r fa c e )  
in c r e a s e s  from  th e  b a se  to  th e  apex o f  th e  l e a f ,  and from th e  
m id -r ib  to  th e  m argin . He found th a t  th e s e  g r a d ie n ts  are o f  
‘‘w id esp read  occurrence,** but are som etim es m o d if ie d . Thus 
th e  le a v e s  o f  Garex s y lv a t i c a  show a rap id  in c r e a s e  in  th e  
freq u en cy  v a lu e s  fo r  a sh o r t  d is ta n c e  from th e  b ase o f  the l e a f ,  
fo llo w e d  by a grad u al f a l l  tow ards th e  ap ex . S a lis b u r y  ( ib id  
p . 5 0 ) c o n s id e r s  th e  p r o p o r tio n  o f  ep iderm al u n it s  co n v er ted  
in to  sto m a ta . The n u m erica l r e la t io n s h ip  he terms th e  
S tom ata l In d ex , fo r  w hich  he g iv e s  th e  form ula: I  -  S /E .t  S x  1 0 0 , 
where I = th e  sto m a ta l in d e x , S -  th e  number o f  stom ata  per u n i t  
a r e a , and E = th e  number o f  ep id erm al c e l l s  f o r  th e same u n it  
a r e a . S a lis b u r y  found th a t  th e  in d ex  v a lu e s  f o r  a g iv e n  s p e c ie s  
are  more c o n s ta n t  than  th e  fr e q u e n c ie s  w hich in d ic a t e s  th a t  th e  
v a r ia t io n s  in  th e  freq u en cy  v a lu e s  aie due r a th e r  to  d i f f e r e n c e s  
in  th e  d eg ree  o f  ex p a n sio n  o f  th e  ep iderm al c e l l s .  S a lisb u r y  
worked m ain ly  w ith  co m p a ra tiv e ly  sm a ll l i n e a r  l e a v e s .  T his  
p a r t  o f  th e  p r e s e n t  in v e s t ig a t io n  i s  an a ttem p t to  ex ten d  t h i s  
work ta k in g  o th e r  l e a f  t y p e s .  For t h i s  th e  la r g e  le a v e s  o f  
some A m aryllid aceou s s p e c ie s  are p a r t ic u la r ly  s u i t a b le .
METHOD.
Counts were made o f  th e  ep iderm al c o n s t i t u e n t s ,  (s to m a ta , 
p a p i l la e  i f  p r e s e n t , and o rd in a ry  ep id erm al c e l l s )  a t  freq u en t  
in t e r v a ls  in  v a r io u s  p a r ts  o f  th e  l e a f ,  c h i e f l y  a lo n g  th e
m argins and t h e  m edian l i n e  o f  t h e  l e a f .  G e ll  c o u n ts  were 
made w ith  an E. L e it z  W etz lar  p r o j e c t io n  ap p aratu s by means 
o f  w hich th e  p ie c e  o f  ep id erm is  u n d er o b s e r v a t io n  was r e ­
f l e c t e d  on a s h e e t  o f  p ap er and ea c h  c e l l  in d ic a te d  by mark­
in g  th e  p o s i t i o n  o f  i t s  n u c le u s . At th e  same tim e a c e r t a in  
p o r t io n  o f  th e  f i e l d  was drawn a c c u r a te ly  so  th a t  th e  
v a r ia t io n  in  th e  d eg re e  o f  e x p a n s io n  o f  th e  c e l l s  c o u ld  be 
fo u n d . In  th e  f i r s t  p a r t  o f  th e  work a la r g e  f i e l d  eq u a l to  
2^ s q . mms was usedy w h ile  f o r  th e  narrow le a v e s  c o n s id e r e d  in  
th e  l a t e r  p a r t  a f i e l d  o f  I  s q . mm was u s e d . The u s e  o f  a 
la r g e  f i e l d  m in im ises  t h e  e r r o r  when c o n s id e r in g  c e l l s  th a t  do 
n o t come e n t i r e l y  w ith in  th e  f i e l d .
The l e a v e s  in v e s t ig a t e d  c o n s i s t  o f : -  
Large b r o a d -le a v e d  form s.
N arrow -leaved  fo r m s .
A l l  th e  le a v e s  exam ined la c k  sc leren ch ym a w it h in  the  
t i s s u e s  and many o f  them have no d e f i n i t e  m id -r ib . T h is i s  o f  
im portance a s  b o th  f a c t o r s  d is t u r b  th e  norm al d i s t r ib u t io n  o f  
th e  stom ata .
B R O A D  L E A V E S , 
i  HAEMANTHUS COCGINEUS. L.
HaOTanthus c o c c in e u s  i s  a m ountainous s p e c ie s  w hich  
p rod uces s e v e r a l  e r e c t ,  U n g u la t e  le a v e s  ea c h  y e a r . The 
e lo n g a te d  b u lb  i s  f l a t t e n e d  in  th e  upper p a r t ,  and i s  composed ’ 
o f  th e  l e a f - b a s e s  o f  p r e v io u s  f o l i a g e  l e a v e s  w hich a re  
d i s t i c h o u s l y  arran ged , a s  shown in  th e  two v ie w s  o f  th e  same 
b u lb  in  P la t e  I f i g l .  The p la n t  w ith  m ature le a v e s  shown in  
P la t e  I f i g 2  was grown in  th e  B edford  O o lle g e  g r e e n -h o u se .
The l e a f  exam ined was c u t  from t h i s  p la n t  and was 14^ in ch e s
lo n g  and 5  in c h e s  b ro a d . The l e a f  has no d e f i n i t e l y  marked
m id -r ib  r e g io n  and i s  e n t i r e l y  w ith o u t  ep id erm a l p a p i l l a e .
The freq u en cy  v a lu e s  f o r  th e  m argin and m edian l i n e  o f
b o th  upper and lo w e r  s u r f a c e s ,  in c r e a s e  from  th e  b a se  t o  near
th e  apex o f  th e  l e a f ,  where th e r e  i s  a s l i g h t  f a l l  ( f i g  I ) .
The v a lu e s  f o r  th e  a p ic a l  h a l f  o f  th e  upper su r fa c e  e x h ib i t  a 
marked f a l l ,  fo llo w e d  by a r i s e  to  a s l i g h t l y  h ig h e r  p o in t .
T h is  f lu c t u a t io n  w ith in  th e  g e n e r a l g r a d ie n t  i s  n ot p r e s e n t  in  
th e  g r a d ie n ts  o f  th e  lo w e r  s u r f a c e ,  and i s  p rob ab ly  o f  minor 
im portance as su g g e s te d  by S a l is b u r y . The m argins o f  th e  l e a f
g e n e r a l ly  have h ig h e r  freq u en cy  v a lu e s  compared w ith  th e  
co rresp o n d in g  p o in ts  a lo n g  th e  m edian l i n e ,  e s p e c i a l l y  in  th e  
lo w e r  h a l f  o f  th e  l e a f  ( f i g  3)*  The s to m a ta l freq u en cy  
v a r ia t io n s  g iv e  a zoned fo rm a tio n  when l i n e s  are drawn through  
p o in t s  w ith  th e  same v a lu e s  ( f i g s  5 & 6 ) .  The s t e e p  bends 
r e s u l t  from th e  h ig h e r  v a lu e s  a t  th e  m argin and th e  f lu c t u a t io n s  
f o r  th e  upper su r fa c e  a re  shown by a change in  th e  form  o f  th e  
l i n e s .
The s to m a ta l in d ex  g r a d ie n ts  are o f  th e  same g e n e r a l  
form as th o s e  o f  th e  f r e q u e n c ie s  ( f i g  2 ) ,  and the g r e a te r  u n i­
fo r m ity  o f  th e s e  v a lu e s  i s  w e l l  shown in  f i g s  7  and 8 , where th e  
l i n e s  o f  eq u a l v a lu e s  a re  fu r th e r  ap art and more e v e n ly  spaced  
th an  th o se  o f  th e  f r e q u e n c ie s .
The in f lu e n c e  o f  an o th er  f a c t o r  i s  shown by th e  f a i lu r e  
o f  th e  freq u en cy  cu rv es to  co rresp o n d  e x a c t ly  w ith  th o s e  o f  th e  
in d ic e s  (com pare f i g s  I & 2 ) .  The f a c t o r  ca u sin g  th e  d i f f e r ­
e n c e s  in  th e  two s e t s  o f  cu rves i s  th e  v a r ia t io n  in  th e  d eg ree  
o f  ex p a n sio n  o f  th e  ep id erm al c e l l s .  Thus a t  th e  b a se  o f  th e  
l e a f  th e  ep id erm al c e l l s  are v e r y  la r g e ,  b e in g  e lo n g a te d  
p a r a l l e l  t o  th e  lo n g  a x is  o f  th e  l e a f  as shown in  f i g  1 5 .
P a s s in g  tow ards th e  apex o f  th e  l e a f  th e  c e l l s  become p r o g r e s s ­
i v e l y  s m a lle r , when c o n s id e r in g  e i t h e r  th e  upper or  lo w er  su r ­
f a c e s .  T his i s  i l l u s t r a t e d  by f i g s  15 to  9 f o r  th e  upper  
s u r f a c e .  At th e  apex numerous v e r y  sm a ll c e l l s  o ccu r  among th e  
la r g e r  o n e s .
The e x p a n sio n  g r a d ie n t  i s  th u s s im i la r  to  th a t  o f  the  
in d ic e s ,  and th e  d e c r e a se  in  s i z e  o f  th e  ep id erm al c e l l s  tow ards 
th e  apex o f  th e  l e a f  r e s u l t s  in  th e  c lo s e r  ap p rox im ation  o f  th e  
stom ata  to  each  o th e r , and so in  an in c r e a s e  in  th e  fre q u e n cy , 
compared w ith  th a t  d eterm in ed  by th e  in d ex  v a lu e .
I t  i s  ob v iou s t h a t  d u rin g  developm ent th e  s to m a ta l  
freq u en cy  g r a d ie n ts  are d eterm in ed  f i r s t l y  by th e  v a r ia t io n s  in  
th e  in d ex  v a lu e s ,  and se co n d ly  by th e  d eg re e  o f  ex p a n sio n  o f  th e  
ep id erm al c e l l s .  In  th e  same way th e  d i f f e r e n c e s  in  freq u en cy  
v a lu e s  f o r  c o rre sp o n d in g  p o in ts  on th e  upper and lo w er  su r fa c e s  
a re  due to  a lo w er  in d e x  v a lu e  f o r  th e  lo w er  su r fa c e  compared 
w ith  th e  u p p er , and to  th e  g r e a te r  ex p a n sio n  o f  th e  ep id erm al 
c e l l s  o f  th e  lo w er  su r fa c e d  compared w ith  th e  upper as i s  seen  
by com paring f i g s  17 and 1 6 . For Haemanthus c o c c in e u s  th e  in d e x  
and ex p a n sio n  f a c to r s  p la y  about eq u a l p a r ts  in  d e term in in g  th e  
freq u en cy  v a lu e s .
The v a r ia t io n s  in  th e  d eg re e  o f  ex p a n sio n  o f  th e  
ep id erm al c e l l s  i s  a d i r e c t  outcom e o f  th e  v a r ia t io n s  in  th e  
amount o f  w a te r  su p p lie d  to  th e  young e x te n d in g  p o r t io n s  o f  
th e  l e a f ,  m a in ly  th e  r e g io n  o f  a u x e s is ,  d u r in g  grow th .
The le a f - b a s e  and th e  apex o f  th e  l e a f - l im b  a r e  th e  f i r s t  
form ed p a r ts  o f  th e  l e a f .  In c r e a se  in  th e  le n g th  o f  th e  l e a f -  
lim b i s  due to  th e  a c t i v i t y  o f  th e  t i s s u e s  a t  th e  b a se  o f  th e  
l e a f - l im b  ( s e e  s e c t io n  I I ) .  The l e a f - b a s e  rem ains w ith in  th e  
b u lb  and a c t s  a s a s to r a g e  organ and so i s  o n ly  o f  in d ir e c t  
im portance i n  th e  p r e s e n t  c o n s id e r a t io n . When th e  t i s s u e s  o f  
th e  apex o f  th e  young l e a f  are m aturing, th e  a u x e s is  p e r io d ,  
th e  f i n a l  e x t e n t  o f  th e  c e l l s  depends on th e  w ater su p p ly  a t  
t h a t  p e r io d . The apex i s  dependent upon th e  amount o f  
l i g n i f i e d  xylem  in  th e  v a s c u la r  b u n d les p a s s in g  through  th e  th e  
m e r is te m a tic  zone a t  th e  b a se , f o r  i t s  w ater  su p p ly . At t h i s  
s ta g e  o n ly  th e  p rotoxy lem  i s  l i g n i f i e d ,  and cap ab le o f  w a ter-  
co n d u c tio n , th e  m etaxylem  c o n s is t in g  o f  immature tr a c h e id s  
w ith  c o n s id e r a b le  c e l l  c o n te n ts .  Thus i t  i s  o b v io u s th a t  th e  
amount o f  w ater  p a ss in g  to  th e  l e a f  apex must be s m a ll ,  r e s u l t ­
in g  in  th e  p ro d u ctio n  o f  co m p a ra tiv e ly  sm a ll mature c e l l s .
D uring th e  grow ing p e r io d  the m etaxylem , p a s s in g  through  th e  
b a se  o f  th e  le a f - l im b  g r a d u a lly  becom es l i g n i f e d ,  and th e  
v a s c u la r  t i s s u e  a ls o  in c r e a s e s  in  amount in  th e  in d iv id u a l  
b u n d le s . Thus th e  s u c c e s s iv e  in te r c a la r y  p ie c e s  added to  th e  
l e a f - l im b ,  ea ch  have a b e t t e r  w a te r  supply  th an  th e  p rev io u s  
o n e s , which r e s u l t s  in  a g r e a te r  ex p a n sio n  o f  th e  ep id erm al 
c e l l s .  Thus th e  l a s t  formed p o r t io n s  a t  t h e  b a se  o f  th e  l e a f -  
lim b  were form ed when t h e  w ater su p p ly  was good, and th e  
ep id erm al c e l l s  are g r e a t ly  ex ten d ed  lo n g i t u d in a l ly .  T h is  
com bined w ith  th e  low  sto m a ta l in d e x  v a lu e , r e s u l t s  in  a v ery  
low  freq u en cy  v a lu e .
In c o n s id e r in g  th e  c o r r e la t io n  o f  w a te r  r e l a t i o n s  and 
freq u en cy  d i s t r ib u t io n  o v er  th e  in d iv id u a l  l e a f  S a lis b u r y  (1927  
p . 2 4 ) s t a t e s  th a t  th e  low  r a te  o f  j w a ter  in ta k e  by p o r t io n s  o f  
th e  l e a f ,  rem ote from th e  w atei^ T avou rs" h igh  sto m a ta l fr e q u e n c ie s  
As a lrea d y  e x p la in e d  two im portant f a c to r s  have to  b e  c o n s id e r e d  
h e r e . F i r s t l y , : w hether th e  r e g io n  under c o n s id e r a t io n  i s  
m ature or n o t ,  and se c o n d ly , th e  n a tu re  o f  th e  co n d u ctin g  
t i s s u e s .  In  c o n s id e r in g  a m ature p o r t io n  o f  th e  l e a f ,  i t  i s  
im portant to  know th e  n a tu re  o f  th e  w ater su p p ly  when th e  
t i s s u e s  were exp an d in g . Thus a lth o u g h  th e  immature apex o f  
th e  l e a f  i s  co m p a ra tiv e ly  near th e  w ater su p p ly , th e  ex p a n sio n  
f a c t o r  i s  a t  a minimum owing to  th e  sm all number o f  a c t i v e l y  
co n d u ctin g  e le m e n ts .
8S tr u c tu r e  o f  th e  Stoma.
' The la r g e  stom ata are sunk below  th e  l e v e l  o f  th e  
ep id erm al c e l l s  ( f i g s  18 & 1 9 ; .  The guard c e l l s  a re  provid ed  
w ith  c r e s c e n t  shaped r id g e s ,  w hich p a r t ly  c lo s e  th e  pore above, 
to  th e  e x t e r io r ,  form ing th e  fr o n t  c a v i ty ,  and below  to  th e  su b -  
stom al c a v i t y ,  form ing th e  back c a v i t y .  In  th e  tr a n s v e r s e  
s e c t io n  th e s e  r id g e s  appear as h o r n - l ik e  p r o je c t io n s  w ith  
approach ing t i p s  which g iv e s  th e  pore an h o u r g la ss  form . 
(Wassermann 1 9 2 4 )-  A c o n t in u a t io n  o f  th e  c u t i c l e  o f  th e  l e a f  
s u r fa c e  l i n e s  th e  fr o n t  and back c a v i t i e s  and th e  p o re -p a ssa g e  
a s w e ll  a s th e  c e l l s  b o rd er in g  th e  substom al c a v i ty .  The la r g e  
o u te r  h o r n - l ik e  p r o je c t io n s  (Vbrderhttrnchen) are composed main­
ly  o f  c u t i c l e ,  h av in g  o n ly  a sm a ll core o f  c e l l u l o s e .  The 
in n e r  h o r n - l ik e  p r o je c t io n s  (H interH firnchen) are s m a lle r  and 
s tr d n g ly  cu rv ed , and th e y  are a ls o  la r g e ly  composed o f  c u t i c l e .  
To a llo w  f o r  th e  movements o f  th e  stoma th e  w a lls  o f  th e  
n eig h b o u rin g  ep id erm al c e l l s  have th in  a rea s  where th e y  meet 
th e  g u a r d - c e l l s .  These areas are termed "hinges" by H aberlandt 
1 9 1 4  p .4 4 8 . The stom ata  o f  th e  two su r fa c e s  are s im i la r ly
c o n s tr u c te d , b u t th o se  o f  th e  low er su r fa ce  have g u a r d -c e l ls  
w ith  o u te r  h o r n - l ik e  p r o je c t io n s  which do n o t approach so c l o s e ­
l y  a t  th e  t i p s  ( f i g  1 9 ) .
i i .  HAEMANTHUS ROTUNDIFOLIUS, GA^ /VL.
Haemanthus r o t u n d if o l iu s  i s  a member o f  th e  S te l le n b o s c h  
F la t s  f lo r a ,  and c o n tr a s t s  b o th  in  h a b ita t  and h a b it  w ith  th e  
m ountainous s p e c ie s  H. c o c c in e u s . The b u lb s  o f  b o th  s p e c ie s  
are f o l ia c e o u s ,  but th o s e  o f  H. r o t u n d if o l iu s  d i f f e r  in  shape, 
b e in g  sh o r te r  and d i s t i n c t l y  w id er  in  the upper p a rt where 
f l a t t e n in g  ta k e s  p la c e .  T h is/sseen  by com paring P la t e  I f i g s  
1 & 3 . A b u lb  o f  H. r o t u n d if o l iu s  produces o n ly  two le a v e s  
each  y e a r , th e  le a v e s  b e in g  la r g e ,  su b o r b ic u la r , and ly in g  
c l o s e l y  a d p ressed  to  th e  ground as shown in  P la te  I f i g  4 . The 
l e a f  examined was a m ature one from a young bulb  and was 4 * 4 /5  
in c h e s  wide and 3 * 1 /2  in c h es  lo n g . A la r g e r  l e a f ,  w ith  a 
g r e a te r  p o r t io n  o f  th e  b a se  p r e s e n t , w i l l  be examined l a t e r  as  
new m a te r ia l has ju s t  b een  o b ta in e d .
The ep id erm is  o f  th e  upper su r fa ce  i s  rough owing to  th e  
p resen ce  o f  c e l l s  drawn out in to  p a p i l la e .  The sm oothness o f  
th e  low er s u r fa c e  i s  due to  th e  absence o f  p a p i l la e .  The 
p a p i l la  freq u en cy  (number o f  p a p i l la e  p er u n i t  area) i s  h ig h e s t  
a t th e  b a se  o f  th e  l e a f  j u s t  where i t  tu rn s in to  th e  b u lb . These 
v a lu e s  d e c r e a se  in  a l l  d ir e c t io n s  to  th e l e a f  margin where th e  
lo w e s t  v a lu e s  are found ( f i g  2 0 ) .  I t  i s  p o s s ib le  to  apply th e  
in d ex  form ula as in  th e  c a se  o f  th e  stom ata . I t  i s  th en  found  
t h a t  th e  p a p i l la  in dex  v a lu e s  ( th e  number o f  ep iderm al u n it s  
co n v er ted  in to  p a p i l la e )  show s im ila r  g r a d ie n ts  to  th o se  o f  the 
p a p i l la  f r e q u e n c ie s .
s tr u c tu r e  o f  th e  P a p i l l a .
The p a p i l la e  a re  c o n ic a l  w ith  co rru g a ted  s id e s  ( f i g  2 2 ) .  
The a p ic e s  are co m p lica ted , b e in g  thrown up in to  s e v e r a l  
b u lg e s  ( f i g  2 5 ) * The p r o je c t in g  p o r tio n  o f  th e  p a p i l l a  may 
be sh o r t  and broad ( f i g  2 3 ) , o r  e lo n g a te d  and narrow ( f i g  2 4 ) .  
The t h ic k  w a ll  o f  t h i s  p a r t o f  th e  p a p i l la  c o n s i s t s  o f  a 
co m p a ra tiv e ly  t h in  o u te r  c u t ic u la r i s e d  p o r t io n , and a th ic k  
in n e r  c e l l u l o s e  p o r t io n . The narrowed b a se  o f  th e  p a p i l la ,  
w hich  i s  imbedded in  th e  ep id erm is betw een th e  in d iv id u a l c e l l s ,  
c o n s i s t s  o f  a somewhat th in n e r  c e l lu lo s e ^  w hich  i s  d e e p ly  p i t t e d . 
( f i g  2 4 ) The apex o f  th e  p a p i l la  i s  m u cila g in o u s and 
numerous f o r e ig n  p a r t i c l e s  are fr e q u e n t ly  found a d h erin g  to  i t .  
The m u cilage appears t o  b e d e r iv e d  from th e  chem ical a l t e r a t io n  
o f  t h e  cu t i c u la r  p o r t io n  o f  th e  p a p i l la  w a l l . P a p i l la e ,  
mounted in  w a te r , and v iew ed  from above have th e  m u cila g in o u s  
a p ic a l  cap p r e fo r a te d  w ith  s e v e r a l  la r g e  h o l e s ,  ( f i g s  27 and 28 )  
In some c a s e s  a s in g le  la r g e  op en in g  i s  p r e s e n t  as i s  shown in  
f i g  2 6 . The p a p i l la  c o n ta in s  a w e l l  d ev e lo p ed  p r o to p la s t  w ith  
a la r g e  n u c le u s . The fu n c t io n  o f  th e  p a p i l la e  i s  d is c u s s e d  
in  th e  accoun t o f  s im i la r  s t r u c tu r e s  found on th e  l e a v e s  o f  
B ru n sv ig ia  g ig a n te a , p age 12.
The d i s t r ib u t io n  o f  s to m a ta .
The s to m a ta l f r e q u e n c ie s  f o r  th e  upp er su r fa c e  d e c r e a se  
from th e  b a se  o f  th e  l e a f  (where i t  tu rn s in to  th e  b u lb ) o u t­
wards in  a l l  d ir e c t io n s  so  th a t  th e  lo w e s t  v a lu e s  o ccu r  around 
th e  m argin ( f i g  2 9 ) .  Thus t h i s  g r a d ie n t  i s  s im ila r  t o  th a t  o f  
th e  p a p i l la  f r e q u e n c ie s .  I t  i s  however p rob ab le  t h a t  th e  
v a lu e s  o f  b o th  d ecrea se  r a p id ly  in  th a t  p a r t  o f  th e  le a f - b a s e  
imbedded in  th e  b u lb . The freq u en cy  v a lu e s  fo r  th e  lo w er  
s u r fa c e  in c r e a s e  from th e  b ase  o f  th e  l e a f  outwards tow ards th e  
m argin ( f i g  3 0 ) ,  th a t  i s  in  th e  o p p o s ite  d ir e c t io n  to  th e  
g r a d ie n t  f o r  th e  upper su r fa c e  and in  th e  same d ir e c t io n  as 
th e  g r a d ie n ts  o f  Haemanthus c o c c in e u s . The index v a lu e s  are  
much more c o n s ta n t  th an  th o se  o f  th e  f r e q u e n c ie s ,  b u t d e f i n i t e  
g r a d ie n ts  a re  p resen t s im i la r  to  th o s e  o f  th e  fr e q u e n c ie s  as  
shown in  f i g s  31 and 3 2 . The s to m a ta l fr e q u e n c ie s  f o r  th e  
u pp er su r fa c e  range from  65 to  4 0 , and f o r  th e  low er from 5 
t o  20 which g iv e s  an a v era g e  d i f f e r e n c e  o f  4 0 . For th e  
in d ic e s  th e  co rresp o n d in g  f ig u r e s  are 3 0  t o  25 fo r  th e  upper 
s u r fa c e , and 10 to  25 f o r  th e  lo w e r , which g iv e s  an average  
d if f e r e n c e  o f  1 0 . I t  i s  th u s o b v io u s  th a t  an oth er f a c t o r  i s  
a t  work, and th e  im portance o f  th e  ex p a n sio n  f a c to r  i s  e v id e n t  
when corresp on d in g  p ie c e s  o f  ep id erm is a re  compared from  the  
u pper and lo w er  s u r fa c e s  as in  f i g s  33 to  3 8 ) .  The c e l l s  o f  
th e  low er s u r fa c e  are fr e q u e n t ly  sev en  t im e s  a s  lo n g  as th o se  
o f  th e  u pp er. T h is r e s u l t s  in  v e r y  wide sp a c in g  o f  th e  
stom ata  on th e  low er s u r fa c e , and combined w ith  th e  low  index
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v a lu e  g iv e s  a v e r y  low  freq u en cy  v a lu e . The freq u en cy  
g r a d ie n t  o f  th e  upper su r fa c e  i s  due a lm ost e n t ir e ly  to  th e  
v a r ia t io n s  in  th e  in d ex  v a lu e s ,  th e r e  b e in g  very  l i t t l e  
d if f e r e n c e  in  th e  s i z e  o f  th e  ep id erm al c e l l s  a t  th e  b a se  
( f i g  3 8 ) and a t  th e  apex ( f i g  3 4 ) o f  th e  upper s u r fa c e . The 
ep id erm al c e l l s  o f  th e  lo w er  su r fa c e  from th e  b ase o f  th e  l e a f  
( f i g  3 7 ) are c o n s id e r a b ly  la r g e r  th an  th o se  o f  th e  apex ( f i g  3 3 ) .  
Thus h ere th e  Index and ex p a n sio n  fa c to r s  combine to  form th e  
freq u en cy  g r a d ie n t .
S tr u c tu re  o f  th e  Stom a.
The stom ata  have a s im ila r  s tr u c tu r e  to  th o se  o f  
Haemanthus c o c c in e u s .
S tr u c tu r e  o f  th e  E p id erm is.
The ep iderm al c e l l s  have d eep ly  p i t t e d  v e r t i c a l  w a l ls .
The v ery  la r g e  c e l l s  o f  th e  lo w er  su r fa ce  o c c a s io n a l ly  have two 
w e l l  formed n u c le i  in  each  c e l l .  These n u c le i  are probably  
form ed by th e  d iv i s io n  o f  th e  o r ig in a l  s in g le  n u c le u s . The 
sm a ll c e l l s  o f  th e  upper su r fa c e  n ever  have more than  one 
n u c le u s .
Owing to  th e  s im i la r  p o s i t io n s  o ccu p ied  by th e  p a p i l la e  
and th e  stom ata  ( f i g s  3 4  36 3 8 ) i t  m ight be p o s s ib le  to  con­
s id e r  th e  p a p i l la e  as m o d ified  stom ata or sto m a ta l i n i t i a l s .
In  t h i s  I n v e s t ig a t io n  th e  s to m a ta l index  v a lu e s  have been  found  
to  be more c o n s ta n t  th a n  th o se  o f  th e  fr e q u e n c ie s  when com­
p a r in g  d i f f e r e n t  p a r ts  o f  th e  same su r fa c e  and th e  lo w er  and 
upper s u r fa c e s .  I f  th e  p a p i l la e  are c o n s id e r e d  as m o d ified  
stom ata  th en  th e  tr u e  sto m a ta l in d ex  v a lu e s  f o r  th e  upper su r ­
f a c e  are n e a r ly  tw ic e  a s  h ig h  as th o se  o f  th e  low er (T ab le  I ) .
But when c o n s id e r in g  th e  p a p i l la e  as m o d ified  ep id erm al c e l l s  
th e  stom ata l in dex  v a lu e s  fo r  th e  upper s u r fa c e  are  o n ly  s l i g h t l y  
h ig h e r  than  th o se  o f  th e  lo w er . For t h i s  rea so n  i t  i s  b e l ie v e d  
th a t  th e  p a p i l la e  are m o d ified  ep iderm al c e l l s .
T A B L E I .
Upper S u rfa ce
P a p i l la e  and stom ata P a p i l la e  c a lc u ­ Index
, to g e th e r  ta k en  to  r e - l a t e d  as ord in a ry v a lu e s  o f
p r se n t  S in  th e index ep iderm al c e l l s  in 1 th e  Lower
fo rm u la . th e  index form u la . S u r fa c e .
Apex 3 7 .9 2 1 . 3 2 0 .8
M iddle 4 2 . 1 2 6 .2 2 4 . 0
B ase 4 5 .0 2 2 .6 1 8 .9
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111 HAHIMANTHUS ALBIFLOS, JZCQ. (a  n o te )
The s to m a ta l v a r ia t io n s  o f  a l e a f  from  a young bulb  o f  
Haemanthus a l b i f l o s ,  w hich  was o b ta in ed  from  Kew G ardens, were 
exam ined. The l e a f  was U n g u la t e ,  5 in c h e s  lo n g , and covered  
w ith  numerous lo n g  s i l k y  h a ir s .  U n lik e th e  two s p e c ie s  a lrea d y  
d esc r ib e d  th e  s to m a ta l freq u en cy  v a lu e s  a re  much h ig h e r  fo r  th e  
lo w er  su r fa ce  than  f o r  th e  u pp er.
Taking two u n it  a rea s f o r  upper and low er s u r fa c e s  the  
freq u en cy  v a lu e s  are 4 & 1 4 0  r e s p e c t iv e ly  ( u n it  area  n o t 1 sq.mm.) 
The upper s u r fa c e  n ot o n ly  has v er y  few sto m a ta , b u t a la r g e  
p o r t io n  o f th e  apex, a narrow s t r i p  a lon g  ea ch  m argin, and the  
extrem e b ase  o f  th e  l e a f  are e n t i r e l y  w ith o u t stom ata as shown 
in  f i g  39 . In  th a t  p a r t  o f  th e  upper s u r fa c e  h av in g  stom ata  
p r e se n t  th e r e  i s  a r i s e  from th e  b a se  to  th e  m iddle o f  th e  l e a f  
and th en  a f a l l  to  th e  apex in  freq u en cy  v a lu e s .  The low er  
su r fa c e  has no c o n s id e r a b le  a rea s  w ith o u t sto m a ta . The freq u en cy  
v a lu e s  in c r e a s e  r a p id ly  from th e  b a se  o f  th e  l e a f  to  th e  apex 
( f i g  4 0 ) .  P ig s  41 and 42 show th e  d i f f e r e n c e s  in  s tr u c tu r e  o f  
th e  upper (A) and th e  lo w er  (B ) su r fa c e s  a t  co rresp o n d in g  p o in t s .  
I t  i s  a t  once se en  th a t  th e  freq u en cy  v a r ia t io n s  are due to  
d if f e r e n c e s  in  th e  d eg ree  o f  ex p a n sio n  o f  th e  ep id erm al c e l l s  a s  
w e l l  as to  th o s e  o f  in d ex  v a lu e . Thus s to m a ta l freq u en cy  
g r a d ie n ts  are a ls o  a f e a tu r e  o f  sm a ll le a v e s  from young b u lb s .
i v .  BRUNSVIGIA GIGANTEA, HEIST.
B r u n sv ig ia  g ig a n te a  i s  a member o f  th e  S te lle n b o sc h .
F la t s  f l o r a .  The b u lb  i s  tu n ic a te d  in  c o n tr a s t  t o  th e  f o l i a c e ­
ous b u lb s o f  Haemanthus c o c c in e u s  and H. r o t u n d i f o l iu s . A 
la r g e  bulb  produces s i x  l in g u la t e  le a v e s ,  w hich l i e  ad p ressed  to  
th e  ground when mature (P la te  I I .  f i g s  1 & 2 ) .  Thus th e  h a b it  
o f  t h i s  s p e c ie s  i s  s im i la r  to  th a t  o f  Haemanthus r o t u n d i f o l iu s . 
The edges o f  th e  le a v e s  are  c i l i a t e d ,  th e  c i l i a  b e in g  red  on th e
young le a v e s  and brown on the o ld e r  o n es .
A p la n t  grown in  B edford C o lle g e  g reen -h o u se  was found  
to  e x h ib it  c o n s id e r a b le  movements o f  i t s  le a v e s  d u r in g  th e  
grow ing p e r io d . The young le a v e s  do not a l l  move a t  th e  same 
r a t e ,  some o f  them p erform in g  a r i s e  to  th e  v e r t i c a l  and a f a l l  
to  th e  h o r iz o n ta l  once in  every  two d a y s, and o th e rs  once in
e v e ry  48 h o u r s . Thus i t  f r e q u e n t ly  happens th a t  some o f  the
le a v e s  are r i s i n g  w h ile  o th e r s  a re  f a l l i n g ,  or  some o f  th e  
le a v e s  are v e r t i c a l  w h ile  o th e rs  are h o r iz o n t a l .  F in a l ly  a t  
th e  end o f  th e  grow ing p er io d  movement s lo w s up and f i n a l l y  
c e a s e s ,  a l l  th e  le a v e s  ly in g  f l a t  on th e  ground. The l e a f  
exam ined was c u t  from a p o tted  p la n t  grow ing in  B edford  C ollege  
g reen -h o u se  and was 12 in ch es  lo n g , h av ing  a maximum w id th  o f
4 - 1 /2  in c h e s .
1 2 .
The e p id e r m is .
The m ature ep id erm is  o f  th e  upper su r fa c e  i s  composed o f  
o rd in ary  ep id erm al c e l l s ,  ep iderm al c e l l s  drawn out in t o  
p a p i l la e ,  and stom ata . P a p i l la e  are  a b sen t on th e  lo w er  su r ­
fa c e  o f  th e  l e a f  as i s  se e n  by com paring f i g s  52 and 5 3 .
The p a p i l la  freq u en cy  v a lu e s  (number o f  p a p i l la e  p er  
u n it  area) a r e  f a i r l y  un iform  o v er  th e  s u r fa c e  o f  th e  l e a f .  The 
v a lu e s  d e c r e a se  s l i g h t l y  from th e  base t o  th e  apex o f  th e  l e a f  
a lo n g  th e  m edian l i n e  ( f i g  43) and th e re  i s  a d i s t i n c t  in c r e a se  
from th e  l a t t e r  towards th e  m argin . The v a r ia t io n s  in  p a p i l la  
in d ex  v a lu e s  ( f i g  44) are  s im ila r  t o  th o se  o f  th e  fr e q u e n c ie s  
( f i g  4 3 ) .
S tr u c tu re  o f  th e  P a p i l la .
The p a p i l la e  o ccu r  e i t h e r  s in g ly  or  in  groups o f  tw o, 
th r e e , or  fo u r .  They occupy a p o s i t io n  s im i la r  to  t h a t  o f  
th e  stom ata , th a t  i s  b etw een  th e  e lo n g a te d  ep iderm al c e l l s  
( s e e  f i g  5 6 ) .  The p a p i l la e  o f  a group may have t h e i r  pro­
j e c t in g  p o r t io n s  q u ite  f r e e  or b e fu se d  f o r  some d is t a n c e ,  w hich  
in  extrem e c a s e s  r e s u l t s  in  d o u b le  ( f i g  4 5 ) or  t r e b le - t ip p e d  
p a p i l l a .  A l l  s ta g e s  can  be found from groups o f  p a p i l la e  w ith  
o n ly  th e  b a se s  o f  th e  p r o je c t in g  p o r tio n s  fu s e d , to  s in g le  
p a p i l la e  w ith  co m p lica ted  a p ic e s .  I t  i s  p o s s ib le  th a t  th e  
com p lica ted  p a p i l la e  o f  Haemanthus r o n tu n d ifo l iu s  a r o s e  in  t h i s  
way.
The p r o je c t in g  p o r t io n  o f  th e  p a p i l la  ten d s to  be  
c y l in d r ic a l  w ith  a rounded apex ( f i g  4 7 ) .  The a p ic a l  p o r t io n  
o f  th e  p a p i l la  c o n s i s t s  o f  a m u cila g in o u s cap (c )  f i g  46 w ith  
an in te r n a l b u lg e  ( b ) .  The w a ll  o f  th e  p r o je c t in g  p o r t io n  o f  
th e  p a p i l la  i s  t h ic k ,  a co m p a ra tiv e ly  sm a ll o u te r  p o r t io n  o f  
w hich i s  c u t i c la r i s e d .  The b a se  o f  th e  p a p i l l a ,  w hich i s  im­
bedded in  th e  ep id erm is i s  t h in - w a l le d .  In  lo n g it u d in a l  s e c t io n  
i t  can  be se e n  th a t  th e  in n e r  c e l l u l o s e  p o r t io n  o f  th e  w a ll f  orms 
a chamber a t  th e  apex o f  th e  p a p i l l a  by a c ir c u la r  outgrow th (a )  
w ith in  which i s  found th e  m u cilage  p lug  ( b ) . .  T his upper  
chamber i s  c u t  o f f  from  th e  lumen o f  th e  p a p i l la  by  a th ic k  
c e l lu lo s e  w a ll (d ) in  w hich th e r e  i s  no p o r e . The p a p i l la  has  
a w e ll  d ev e lo p ed  p r o to p la s t  w ith  a la r g e  n u c leu s  w hich i s  most 
o f t e n  found in  th e  p r o je c t in g  p o r t io n  o f  th e  p a p i l la  ( f i g  4 7 ) .
A few  abnormal p a p i l la e  were n oted  on th e  m ature l e a f  in  w hich  
th e  th ic k  c e l l u l o s e  p o r t io n  o f  th e  w a ll was o n ly  d ev e lo p ed  a t  
th e  apex ( f i g  4 9 ) .
F u n ctio n  o f  th e  P a p i l l a e .
The s p e c ia l i s e d  n atu re o f  th e  p a p i l la e  on th e  le a v e s  o f  
B r u n sv ig ia  g ig a n te a  and Haemanthus r o t u n d if o l iu s  s u g g e s t  th a t
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th e y  have a s p e c ia l  fu n c t io n . I t  i s  p o s s ib le  th a t  th e y  s e c r e te  
m ucilage w hich a id s  in  th e  em ergence o f  th e  le a v e s  and p rev en ts  
d e s s ic a t io n .  M ucilage h a ir s  th a t  come n e a r e s t  in  s tr u c tu r e  to  
th e  p a p illa ©  d e sc r ib e d , are th o se  o f  Gonocaryon p y r ifo rm e. 
d escr ib ed  by H aberlandt I9 I4 “P*488. The b a se s  o f  th e s e  
m ucilage h a ir s  are th in -w a l le d , w h ile  th e  p r o je c t in g  upper p o r t ­
io n s  are t h ic k -w a lle d .  The lumen o f  th e  c e l l  c o n n ec ts  d ir e c t ly  
w ith  a m ucilage cap w hich may b e washed away by r a in  ( f i g .  1 9 3  A) 
In th e  p a p i l la e  d e sc r ib e d  in  t h i s  I n v e s t ig a t io n , i t  i s  d i f f i c u l t  
to  s e e  how m ucilage s e c r e te d  by th e  p r o to p la s t  cou ld  p a ss  
through th e  th ic k  c e l l u l o s e  w a ll to  th e  e x t e r io r .  I t  i s  o f  
co u rse  p o s s ib le  th a t  th e  in n er  c e l lu lo s e  w a ll  i s  formed a f t e r  
th e  p a p il la e  have cea sed  to  fu n c t io n , but no ev id en ce cou ld  be 
found fo r  t h i s .
An a l t e r n a t iv e  s u g g e s t io n  i s  th a t  th e  o u ter  c u t ic u la r i s e d  
p o r t io n  o f  th e  w a ll a t  th e  apex o f  th e  p a p i l la  becom es m u cil­
a g in o u s , ab sorb in g  dew, o r  w ater from th e atm osphere, t h i s  
w a ter  b e in g  drawn in to  th e  p r o to p la s t  through  th e  c e l lu l o s e  w a l l .  
Ir re g u la r  s w e l l in g s  o f  th e  c u t ic u la r is e d  p o r t io n  o f  th e  w a ll 
som etim es o ccu r  ( f i g  4 8 ) ,  which ten d  to  su p p ort t h i s  v ie w .
The id e a  o f  a w ater ab sorb in g  a e r ia l  su r fa c e  i s  not new. 
W olkens, 1887 d e s c r ib e s  w ater ab sorb in g  h a ir s  on p la n ts  from  
th e  E gyptian  and A rabian d e s e r t s .  H alk et, I 9 I I  s u g g e s ts  th a t  
th e  ep id erm is o f  c e r t a in  s p e c ie s  o f  S a l ic o r n ia  absorbs w ater  
which i s  p a ssed  through s p e c ia l  s p ir a l  c e l l s  to  th e  a s s im ila t in g  
t i s s u e ,  ( s e e  d e s c r ip t io n  o f  s p ir a l  c e l l s  o f  N erine co ru sca  in  
P art I I I .  ) M arloth, 1926 found w ater  ab sorb in g  h a ir s  on th e  
le a v e s  o f  s e v e r a l  South A fr ica n  p la n t s ,  e s p e c ia l l y  th o s e  th a t  
grow under se m i-a r id  c o n d it io n s , th a t  i s ,  th e  same h a b it a t  as 
f o r  th e  p la n ts  under c o n s id e r a t io n . M arloth d e s c r ib e s  w ater-  
absorb ing h a ir s  on s e v e r a l  p la n ts  w ith  p r o s tr a te  le a v e s  s im ila r  
to  th o se  o f  Haemanthus r o tu n d ifo l iu s  and B r u n sv ig ia  g ig a n te a .
The water ab sorb in g  h a ir s  o f  Briospermum p u stu la tu m . M arl.are  
s im ila r  in  s tr u c tu r e  to  th e  p a p i l la e  o f  Haemanthus r o tu n d ifo l iu s  
h av in g  th ic k  o u ter  w a l ls  and p i t t e d  b a se s , a s i s  shown by 
comparing M arloth ’ s f ig u r e  (T a fe l X. 6  4  and f i g .  24* M arloth  
d e s c r ib e s  an A m aryllid aceous genus G e lh y l l i s  which has w ater  
absorb ing  p a p i l la e .  6 .  v i l l o s a ,  G. l o n g i s t y l i s ,  and G. verru cosa  
(M arloth T a fe l X I. 6 -1 5  ) have h a i r - c e l l s  borne on m u lt ic e l lu la r  
b a s e s , s im ila r  to  th e  h a ir s  o f  B yp oxis v i l l o s a  (se e  P art I I I  f i g .  
201) and M o lin er ia  r e c u r v a ta . ( s e e  Part I Ï Ï  f i g .  1 9 8 .)
However i t  would seem th a t  in  th e  p a p il la e  o f  Haemanthus ro tu n ­
d i f o l i u s  and B ru n sv ig ia  g ig a n te a  s p e c ia l i s a t io n  has proceeded  
fu r th e r  than  in  the p la n t s  d e sc r ib e d  by M arloth, th a t  i s ,  in  th e  
e la b o r a t io n  o f  th e  ap ex .
I t  I s  hoped th a t  i t  w i l l  be p o s s ib le  l a t e r  to  conduct 
some experim ents to  determ ine th e  fu n c t io n  o f  th e se  p a p i l l a e .
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Stom atal v a r ia t io n s .
The s to m a ta l freq u en cy  v a lu e s  in c r e a s e  from th e  base to  
th e  apex o f  th e  l e a f  and from th e  median l i n e  to  th e  margin fo r  
b oth  su r fa ce s  ( f i g  5 0 ) .  There i s  no f a l l  a t  the apex as in  
Haemanthus c o c c in e u s . The v a lu e s  f o r  th e  upper s u r fa c e  are 
much h ig h er  and more uniform  th an  th e  corresp on d in g  v a lu e s  f o r  
th e  low er . The in d ex  v a lu e s  are  much more co n sta n t th an  th o se  
o f  th e  fr e q u e n c ie s  b u t fehe g r a d ie n ts  a re  s im ila r  in  form , as i s  
w e ll  shown by comparing f i g s  5 0  and 51*
At th e  apex o f  th e  l e a f  th e  ep iderm al c e l l s  o f  both  
su r fa c e s  are sm a ller  th an  in  th e  c e n tre  o f  th e  l e a f .  The 
d ecrea se  in  s i z e  o f  th e  ep iderm al c e l l s ,  se e  f ig 5 2  f o r  th e  upper  
su r fa c e , and 53 fo r  th e  low er, c a u se s  th e  c l o s e r  approxim ation  
o f  th e  stom ata and so h ig h er  freq u en cy  v a lu e s .  At th e  b ase  o f  
th e  l e a f  th e  frequency  v a lu e s  rem ain s u r p r is in g ly  h ig h  when 
compared w ith  Haemanthus c o c c in e u s . T h is i s  e s p e c ia l l y  so f o r  
th e  upper su r fa c e  f i g  5 0  and i s  due p a r t ly  to  th e  h ig h  index  
v a lu e  but more e s p e c ia l ly  to  th e  sm a ll s i z e  o f  the ep iderm al 
c e l l s  and th e  occu rren ce o f  very  sm a ll c e l l s  ( f i g  5 6 ) .  The 
g r e a t  narrowing o f  th e  ep iderm al c e l l s  a t th e  b a se  o f  th e  low er  
su r fa c e  ( f i g  57) s im i la r ly  ca u ses a h ig h e r  frequency v a lu e  th an  
would be e x p e c te d .
V a r ia t io n s  in  v e n a t io n .
The p a r a l l e l  v e in s  are n ot ev en ly  spaced  in  a l l  p a rts  o f  
th e  l e a f .  They ten d  to  be crowded to g e th e r  a t  th e  b a se , a lon g  
th e  m argins, and a t  th e  apex o f  th e  l e a f .  They are fu r th e s t  
ap art in  th e  c e n tre  o f  th e  l e a f  some d is ta n c e  from th e  b a se .  
These p e c u la r i t ie a  can be c o r r e la te d  w ith  th e  shape o f  th e  l e a f ,  
th e  vary in g  exp an sion  o f  th e  t i s s u e s ,  and th e  th ic k n e s s  o f  th e  
l e a f .  The number o f  tr a n sv e r se  com m issures per u n it  area  
v a r ie s  in  d i f f e r e n t  p a r ts  o f  th e  same l e a f .  Thus th e y  are more 
numerous a t  th e  margins than  in  t h e  cen tre  o f  th e  l e a f .  From 
th e  base th e r e  i s  a d e c r e a se , fo llo w e d  by an in c r e a se  a t  th e  
ap ex . These p e c u la r i t i e s  are i l l u s t r a t e d  by th e  fo llo w in g  
ta b le  fo r  a mature l e a f  o f  B ru n sv ig ia  g ig a n te a .
Apex
o f
l e a f ,
B ase
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Thus th e  apex and m argins o f  th e  l e a f  have more v a s c u la r  t i s s u e  
p er u n it  area  than  th e  c e n tr e  and b a se .
HYMSNOCAms FESTALIS. = H. c a la th in a , N ic h o ls . X
E lis e n a  lo n g ip e ta la .  Herb.
R ym enocallis f e s t a l i s  has l in g u la t e  le a v e s .  The l e a f  
examined was o b ta in ed  from Kew Gardens and was 14 in c h e s  lon g  
and had a maximum w id th  o f  Iv  in c h e s .  The l e a f  has a th ic k ­
ened median r e g io n  on th e  low er su r fa ce ;  th e  r id g e s  d y in g  out 
tow ards the apex o f  th e  l e a f .
The stom ata are n o t e v e n ly  d is t r ib u t e d  over th e  su r fa ce  
o f  th e  l e a f .  Thus th e  median p o r t io n  o f  th e  low er su r fa c e  i s  
alm ost e n t i r e ly  w ith ou t stom ata , e s p e c ia l l y  th e  r id g e s  a lread y  
m entioned. Here th e  ep id erm al c e l l s  a re  g r e a t ly  e lo n g a ted  
lo n g it u d in a l ly ,  p a r a l l e l  to  th e  lo n g  a x is  o f  th e  l e a f .  The 
w ings o f  th e  le a f - l im b  have numerous stom ata and th e  epiderm al 
c e l l s  are sm a lle r  and have rounded ends, as seen  in  su r fa c e  v ie w , 
in  sh a ip  c o n tr a s t  to  th e  c e l l s  o ccu r in g  in  a rea s la c k in g  stom ata . 
Counts were made near th e  median l i n e  o f  th e  l e a f ,  a v o id in g  th e  
area s w ith ou t stom ata, and a lon g  th e  m argins.
The freq u en cy  v a lu e s ,  fo r  b oth  s u r fa c e s  in c r e a se  from th e  
b a se  to  near th e  apex where th e r e  i s  a d i s t i n c t  f a l l  as in  
Haemanthus c o c c in e u s . The sto m a ta l index v a lu e s  are  more 
uniform  than  th o se  o f  th e  fr e q u e n c ie s , but a d i s t i n c t  g ra d ie n t  
o f  in c r e a s in g  v a lu e s  from th e  b a se  to  th e  apex o f  th e  l e a f  i s  
found as f o r  th e  f r e q u e n c ie s .  The ep iderm al c e l l s  are la r g e s t  
a t  th e  base o f  th e  l e a f  and d e c r e a se  In s i z e  towards th e  apex.
N A R R O W  L E A V E  3 .
1 . GALANTHIJ3 NIVALIS.L.
The b u lb  o f  Gal an t bus n i v a l i s  produces o n ly  two le a v e s  
each  sea so n , th e s e  b e in g  l in g u la t e  o r  l in e a r  and much sm a ller  
th an  th e  le a v e s  a lread y  co n s id er ed , th e  l e a f  examined b ein g  
on ly  th ree  in c h e s  lo n g . The m a te r ia l was grown in  th e  Bedford  
C o lle g e  g a rd en s.
The sto m a ta l freq u en cy  v a lu e s  f o r  th e  low er su r fa c e  ( L .S .)  
are much h ig h e r  than th o s e  o f  th e  upper (U .S . ) as se e n  in  f i g  5 8 . 
At th e  apex o f  the lo w er  su r fa c e  th e re  i s  a c o n s id e r a b le  area  
(about 2 sq . mms) e n t i r e l y  w ith o u t stom ata, and a lon g  e i t h e r
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m argin th e r e  i s  a narrow s t r ip  (ab ou t f i v e  c e l l s  w id e) a ls o  
w ith o u t sto m a ta . For th e  upper su r fa c e  stom ata  ex ten d  to  th e  
apex o f  th e  l e a f ,  b u t th e r e  i s  a co m p a ra tiv e ly  wide s t r i p  a lo n g  
e i t h e r  m argin (about ^ mm.) w ith o u t sto m a ta . The l e a f  o f  
Haemanthus a l b i f l o s  a l s o  has no stom ata a lo n g  th e  m argin  o f  th e  
u p p er s u r fa c e . An in t e r e s t i n g  fe a tu r e  o f  th e  le a v e s  o f  
G alanthus n lv a l i f l  i s  th e  d i s t i n c t  banding o f  th e  u p p er s u r fa c e .  
T h is banding c o n s i s t s  o f  areas w ith  a few  stom ata  v e r y  w id e ly  
spaced  and in  th e s e  a r e a s  th e  ep id erm al c e l l s  are g r e a t ly  e lo n g ­
a ted  p a r a l l e l  t o  th e  lo n g  a x is  o f  t h e  l e a f ,  fo llo w e d  by areas  
w ith  numerous stom ata and sh o r t ep id erm al c e l l s .  Counts were 
made in  a band w ith  numerous sto m a ta , n ea r  th e  m edian l i n e  o f  
th e  l e a f  and n ear th e  m argin .
The freq u en cy  cu rv es  f o r  b o th  s u r fa c e s  show a r i s e  from  
th e  b a se  o f  th e  l e a f  fo llo w e d  by a f a l l  a n f  r i s e  in  th e  m iddle  
and a sharp f a l l  a t  th e  ap ex , ( f i g  58) T h ese cu rves are s im i la r  
t o  th o se  d e sc r ib e d  by S a lisb u r y  1927 p . 22 f o r  th e  e lo n g a te d  
a x es o f  Juncus e f f u s u s . The in d ex  v a lu e s  a r e  more c o n sta n t  
than  th o se  o f  th e  f r e q u e n c ie s ,  ( f i g  58) b u t th e  cu rv es  have th e  
same g e n e r a l form . At th e  b a se  o f  th e  l e a f  th e  ep id erm al c e l l s  
are  sm all e s p e c ia l l y  th o s e  o f  th e  low er s u r f a c è . ( f i g  6 5 ) There 
i s  a gradual in c r e a s e  in  s i z e  o f  th e  c e l l s  tow ards th e  apex, a s  
i s  se en  by com paring f i g s  6 4  ( b a s e ) ,  6 2 . and 60 (n ea r  apex) 
f o r  th e  u p p er su r fa c e  and f i g s  65  (b a s e ) ,  6 3 , and 61 (n e a r  apex) 
f o r  th e  lo w er  s u r fa c e . Thus th e  h ig h  freq u en cy  v a lu e s  a t th e  
b a se  o f  th e  l e a f  are due to  h ig h  in d ex  v a lu e s  and th e  sm a ll 
d eg ree  o f  ex p a n sio n  o f  t h e  ep id erm al c e l l s  ca u sin g  th e  c lo s e  
approxim ation  o f  th e  sto m a ta . At th e  apex  o f  th e  l e a f  th e  sharp  
f a l l  in  freq u en cy  v a lu e s  i s  due to  th e  f a l l  in  in d ex  v a lu e s ,  and 
th e  co m p a ra tiv e ly  g r e a t  d eg ree  o f  ex p a n sio n  o f  th e  ep id erm al 
c e l l s  near th e  apex o f  th e  l e a f  c a u s in g  th e  w ide sp a c in g  o f  th e  
sto m a ta . At th e  apex o f  the lo w er  s u r fa c e  th e  ep id erm al c e l l s  
become v ery  sm a ll b u t no stom ata  are  p r e s e n t .  On th e  upper  
s u r fa c e  how ever th e  s to m a ta l freq u en cy  cu rv e  c o n t in u e s  to  f a l l  
in s p i t e  o f  th e  sm all s i z e  o f  th e  ep id erm al c e l l s  ow ing to  th e  
ra p id  f a l l  in  in d ex  v a lu e s .  The freq u en cy  v a lu e s  d e c r e a se  from  
th e  median l i n e  o f  th e  l e a f  tow ards th e  m argins and i s  due to  a 
f a l l i n g  in dex  g r a d ie n t  and d e c r e a s in g  s i z e  o f  th e  ep id erm al c e l l s  
in  th e  d ir e c t io n  in d ic a t e d ,  a s  shown in  T a b le  I I I .
TABLE I I I .
Upper s u r fa c e .  
S tom atal fr e q u e n c ie s  
a c r o s s  l e a f .
M argin C en tre M argin




“p a r t  o f  m arginal a rea  w ith o u t stom ata  in c lu d e d .
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The Stoma.
The stom a I s  o f  th e  t y p ic a l  M onocotyledonous t y p e .  The 
h o r n - l ik e  p r o je c t io n s  from  th e  g u a r d -c e l ls  as seen  in  tr a n s v e r s e  
s e c t io n  are n o t so  la r g e  as th o se  o f  th e  stom a o f  Haemanthus 
c o c c in e u s . (compare f i g s  59 & 1 9 ) A lso  th e  in n er  and o u te r  
h o r n - l ik e  p r o je c t io n s  a r e  s im i la r  in  s i z e  u n lik e  Haemanthus 
c o c c in e u s .
1 1 . AimOGHARIS FALCATA (L'HERIT) HERB.
Ammocharis f a l c a t a  p roduces numerous d is t ic h o u s  pro­
s t r a t e  l e a v e s .  The m a te r ia l  exam ined was c o l l e c t e d  in  South  
A fr ic a .  The l e a f  exam ined was 6^ in ch es  in  le n g th  and ip o f  
an in ch  in  w id th .
The s to m a ta l freq u en cy  v a lu e s  fo r  b o th  th e  u pp er and 
lo w er  su r fa c e s  are s u r p r is in g  h ig h  and u n iform  when c ompared 
w ith  s im ila r  v a lu e s  f o r  Haemanthus c o c c in e u s  as i s  shown by 
t a b le  IV.
TABLE IV.
Upper su r fa c e Lower su r fa c e
Ammocharis
f a l c a t a
b a se apex d i f f . b a se apex d i f f .
149 143 6 98 105 r 7
Haemanthus
c o c c in e u s 4 43 39 2
........... _ . j
42 40
Thus Ammocharis f a lc a t a  has no w e l l  marked freq u en cy  g r a d ie n t s .  
F or th e  upper su r fa c e  (U .S .)  th e r e  i s  a f a l l  in  v a lu e s  f o r  a 
sh o r t  d is ta n c e  from th e  b ase  fo l lo w e d  by f lu c t u a t io n s  about th e  
same mean to  th e  apex ( f i g  6 6 ) .  For th e  low er su r fa c e  (L .S .)  
th e r e  i s  a s im i la r  f a l l  a t  th e  b a se  fo llo w e d  by a g ra d u a l r i s e  
t o  th e  ap ex . The in d ex  v a lu e s  f o r  b o th  s u r fa c e s  a re  remark­
a b ly  c o n sta n t  ex cep t f o r  a s l i g h t  f a l l  a t  th e  apex ( f i g  6 7 ) .  
C on sid er in g  th e  v a r ia t io n s  in  ex p a n sio n  o f  th e  ep id erm al c e l l s  
( f i g s  68 -  7 5 ) th e r e  i s  an in c r e a s e  in  s i z e  from th e  b a se  to  
n ea r  th e  m idd le o f  th e  l e a f  fo l lo w e d  by a d e c r e a se  t o  th e  ap ex . 
Thus th e  f a l l  in  freq u en cy  v a lu e s  towards th e  m iddle i s  due to  
th e  in c r e a s e  in  s i z e  o f  th e  ep id erm al c e l l s  a s  th e  in d ex  v a lu e s  
are p r a c t i c a l ly  c o n s ta n t .  In  th e  same way a t  th e  apex o f  th e
l e a f  th e  in c r e a s e  in  freq u en cy  v a lu e s  i s  e n t i r e l y  due to  th e  
d e c r e a se  in  s i z e  o f  t h e ^ id e r m a l c e l l s  c a u s in g  th e  c l o s e r  
ap proxim ation  o f  th e  stom ata , a s th e  in dex  v a lu e  ten d s  to  f a l l .  
Thus th e  ex p a n sio n  f a c t o r  m o d if ie s  very  c o n s id e r a b ly  th e  f r e ­
quency curve as would be d eterm in ed  by th e  v a r ia t io n s  in  index  
v a lu e s  a lo n e .
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The combined a c t io n  o f  f a l l i n g  in d ex  v a lu e s  and d e c r e a s e  in  
s i z e  o f  th e  ep id erm al c e l l s  ca u se s  a marked f a l l  in  th e  f r e ­
quency v a lu e s  from th e  median l i n e  o f  th e  l e a f  to  th e  margin  
as in  th e  narrow l e a f  o f  G alanthus n i v a l i s  ( s e e  T ab le V ).
Ammocharis f a l c a t a .  TABLE V .
Stom atal f r e q u e n c ie s .
Upper surface Lower isurface
Base Near apex Base Near apex
Margin 135 125 126 124 36 86 81 82
Centre 137 134 131 135 88 87 84 89
i i i .  NARCISSUS POETICUS. L.
N a r c is su s  p o e t ic u s  has a l in e a r  l e a f  w ith  a th ic k e n e d  
m edian area marked by fo u r  r id g e s  on th e  lo w e r  su r fa c e  ex cep t  
a t  th e  apex o f  the l e a f  where th e y  d ie  ou t a s  in  H ym en oca llis  
f e s t a l i s . The l e a f  exam ined was 11 in ch es  lo n g  and ÿ  an in ch  
w id e . The m a te r ia l was grown in  th e  B edford  C o lle g e  garden . 
Counts were made n ear th e  median l i n e  o f  th e  l e a f  a v o id in g  th e  
r id g e s  on th e  low er s u r fa c e  as t h e s e  ca u se  marked i r r e g u l a r i t i e s  
in  sto m a ta l d i s t r ib u t io n ;  th e  r id g e s  h a v in g  v ery  few  stom ata  
and e lo n g a te d  narrow ep id erm al c e l l s .
The freq u en cy  v a lu e s  f o r  b o th  s u r fa c e s  in c r e a s e  from th e  
b a se  o f  th e  l e a f  to  n ea r  th e  apex where th e r e  i s  a sharp f a l l  
as shown in  f i g  7 6 . The v a lu e s  a ls o  in c r e a s e  from n ea r  th e  
m id -r ib  to  th e  margin a s in  Haemanthus c o c c in e u s  and in  con­
t r a s t  to  th e  o th e r  narrow le a v e s  d e s c r ib e d . The in d e x  v a lu e s  
are much more c o n s ta n t  th an  th o s e  o f  th e  f r e q u e n c ie s ,  th e  
i r r e g u l a r i t i e s  o f  th e  l a t t e r  b e in g  a lm ost e n t i r e ly  due to  th e  
v a r ia t io n s  in  th e  ex p a n sio n  o f  th e  ep id erm al c e l l s .  T h is i s  
shown in  th e  f i g s  77 -  80 fo r  th e  upper s u r fa c e ,  p a s s in g  from  
th e  apex to  th e  base o f  th e  l e a f .  Table VI g iv e s  th e  d i f f ­
er en ce  b etw een  the la r g e  and sm a ll c e l l s  a t  th e  b a se  and apex  
o f  th e  l e a f .
19
H arclaaus p o e t ic u s TABLE V I .
B A S E
L arge c e l l Sm all c e l l Large c e l l  1 Sm all c e l l
Upper
su r fa c e .6 3  X ,03 ,2 5  X ,0 3 , 1 3  X ,0 2 ,0 3  X ,0 2
Lower
s u r fa c e . ,6 3  X ,03
- ,2 5  X .0 2 ,2 2 X .0 2 .1 2  X ,0 2  
mms.
1
A P E X :
Prom th e  t a b le  i t  w i l l  b e  seen  t h a t  in c r e a s e  in  th e  s i z e  o f  
th e  c e l l s  i s  due a lm ost e n t i r e ly  t o  lo n g it u d in a l  ex p a n sio n  
p a r a l l e l  to  th e  lo n g  a x i s  o f  th e  l e a f ,  co m p a ra tiv e ly  l i t t l e  
change ta k in g  p la c e  in  w id th  as s e e n  in  s u r fa c e  v ie w .
V a r ia t io n  in  th e  s i z e  o f  th e  stom a
The stom ata  show v e r y  l i t t l e  v a r ia t io n  in  s i z e  o v e r  th e  
in d iv id u a l l e a f  f o r  a l l  th e  se v e n  le a v e s  exam ined. The most 
n o t ic e a b le  f e a t u r e  i s  a change in  shape when com paring stom ata  
a t  th e  apex and b ase o f  th e  l e a f  f o r  b o th  s u r f a c e s . Thus a t  
th e  apex th e  stoma te n d s  to  be c i r c u la r  as s e e n  in  su r fa c e  
v iew  and a t  th e  b a se  e l l i p t i c a l .  The stom ata  in  th e  le a v e s  
exam ined are a l l  o r ie n ta te d  w ith  th e  lo n g  a x is  o f  th e  pore  
p a r a l l e l  to  th e  lo n g  a x is  o f  th e  l e a f .  Thus th e  change in  
shape o f  th e  stoma a t  th e  b a se  o f  th e  l e a f  can  be c o r r e la te d  
w ith  th e  g r e a t  lo n g it u d in a l  ex p a n sio n  o f  th e  e p id e r m is .
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S U M M A R Y .
(I)  A l l  th e  le a v e s  exam ined showed a s to m a ta l
freq u en cy  g r a d ie n t  in c r e a s in g  from  th e  b a s e  t o  th e  
apex o f  th e  l e a f .  The g r a d ie n t  may be s t e e p  
(Haemanthus c o c c in e u s )  o r  very  s l i g h t  (Ammocharis 
f a l c a t a ) .
( I I )  , T h is g r a d ie n t  i s  f r e q u e n t ly  m o d ifie d  by a
secon d ary  f a l l  in  v a lu e s  a t th e  apex o f  th e  l e a f  
f o r  both  s u r f a c e s .  (Haemanthus c o c c in e u s . N a rc issu s  
p o e t ic u s ,  G alanthus n i v a l i s ,  H y m en o ca llis  f e s t a l i s . )
In  th e  c a se  o f  Haemanthus r o t u n d if o l iu s  t h i s  f a l l  a t  
th e  apex c o v e r s  n e a r ly  th e  w hole area  o f  th e  upper  
s u r fa c e , th e  f a l l  in  v a lu e s  tow ards th e  b a se  prob­
a b ly  occu rs in  th a t  p a r t  o f  th e  l e a f  w ith in  th e  b u lb .  
Marked f lu c t u a t io n s  may ta k e  p la c e  w ith in  th e  
g e n e r a l g r a d ie n t  from b a se  to  apex as in  Haemanthus 
c o c c in e u s  and G alanthus n i v a l i s .  In  o th e r  c a s e s  
th e r e  may b e  a f lu c t u a t io n  about a mean v a lu e  a s in  
Ammocharis f a l c a t a .
( I I I )  A g r a d ie n t  o f  in c r e a s in g  freq u en cy  v a lu e s  from
m id -r ib  to  m argin i s  found in  th e  broad le a v e s  
exam ined. In  narrow le a v e s  i t  may o ccu r a ls o  
(N a r c is su s  p o e t ic u s )  b u t more fr e q u e n t ly  th e  g r a d ie n t  
i s  r e v e r s e d , and th e r e  i s  a d e c r e a s e  tow ards th e  
m argin as in  Ammocharis f a l c a t a  and G alanthus n i v a l i s .
(IV ) The s to m a ta l index  v a lu e s  were found in  ev e ry  c a s e
t o  b e more u n iform  th a n  th o se  o f  th e  f r e q u e n c ie s ,  b u t
th e  same g e n e r a l g r a d ie n t s  are  foun d , th a t  i s  an i n ­
c r e a s e  in  v a lu e s  from th e  b ase to  th e  apex o f  the  
l e a f  where th e r e  i s  fr e q u e n t ly  a marked f a l l ,  and an 
in c r e a s e  in  v a lu e s  from  m id -r ib  to  m argin f o r  broad  
l e a v e s  and some narrow o n es , and a r e v e r se  g r a d ie n t  
f o r  o th e r  narrow o n e s ,
CV) The s to m a ta l freq u en cy  g r a d ie n ts  r e s u l t  from th e
a c t io n  o f  two f a c t o r s :
i .  V a r ia t io n  in  th e  p r o p o r tio n  o f  ep id erm al
c e l l s  becom ing stom ata as ex p re sse d  by 
th e  in dex  v a lu e .
i i .  V a r ia t io n  in  th e  d egree  o f  ex p a n sio n  o f
th e  ep id erm al c e l l s .
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G en era lly  th e  s m a lle s t  ep id erm al c e l l s  a re  found 
a t  th e  apex o f  th e  l e a f  and th e y  In cr ea se  in  s i z e  
more r a p id ly  a lo n g  th e  median l i n e  o f  th e  l e a f  
compared w ith  th e  m argin  as th e  b a se  i s  approached .
At th e  b a se  th e  c e l l s  a re  somewhat sm a lle r  than  a 
sh o r t  d is t a n c e  from th e  b a se  a s ,  a lth o u g h  th ey  are  
g r e a t ly  e lo n g a te d , th e y  have become v ery  narrow . The 
d e c r e a se  in  th e  s i z e  o f  th e  ep id erm al c e l l s  towards 
th e  apex and a l e s s e r  d egree  tow ards th e  b a se  o f  t h e  
l e a f  ca u se s  an in c r e a s e  in  th e  freq u en cy  v a lu e s  a s  
th e  in d iv id u a l  stom ata a re  n ot so  w id e ly  sp aced  as in  
th e  c e n tr e  o f  th e  l e a f  where th e  ex p a n sio n  f a c t o r  i s  
a t  a maximum.
(VI) The ex p a n sio n  f a c t o r  can  be c o r r e la te d  w ith  th e  
w a ter  su p p ly  t o  th e  l e a f  w h ile  i t  i s  g ro w in g . The 
b a se  and apex o f  th e  l e a f  are form ed f i r s t  and grow th  
i s  in t e r c a la r y .  S u c c e s s iv e  p ie c e s  th a t  a re  added to  
th e  le a f - l im b  each r e c e iv e  a b e t t e r  w ater su pp ly  as  
th e  v a s c u la r  system  d e v e lo p e s , w ith  th e  r e s u l t  th a t  
th e  ep id erm is  u n d ergoes g r e a te r  exp an sion  and so th e  
freq u en cy  v a lu e s  f a l l  more r a p id ly  than  w ould be e x ­
p e c te d  from th e  f a l l  i n  in dex  v a lu e s .  In  th e  m ature 
l e a f  th e  apex and m argin o f  th e  l e a f  have undergone  
l e s s  ex p a n sio n  than  th e  m id -r ib  a rea  and b a se  and t h i s  
r e s u l t s  in  a g r e a te r  e x te n t  o f  v a s c u la r  t i s s u e  p er  
u n it  area  in  th e  form er p a r t s .
(V II) Epiderm al p a p i l la e  w ere found on th e  upper su r fa c e  
o f  th e  p r o s t r a te  le a v e s  o f  Haemanthus r o t u n d if o l iu s  
and B r u n sv ig ia  g ig a n te a .  The p a p i l l a  freq u en cy  v a lu e s  
g iv e  s im i la r  g r a d ie n ts  to  th o se  o f  th e  sto m a ta . The 
in d ex  form ula can a ls o  be a p p lie d  to  th e  p a p i l la e  in  
w hich c a se  th e  g r a d ie n ts  are found to  be more c o n sta n t  
th a n  th o se  o f  th e  fr e q u e n c ie s  as in  th e  c a s e  o f  th e  
sto m a ta . I t  i s  o b v io u s  th a t  i f  th e  ex p a n sio n  f a c t o r  
a f f e c t s  th e  s to m a ta l freq u en cy  i t  must a l s o  a f f e c t  th e  
p a p i l la  freq u en cy  in  th e  same w ay. The s tr u c tu r e  o f  
th e  p a p i l la e  i s  d e s c r ib e d , and t h e i r  f u n c t io n  d is c u s s e d
(V III)  The law s found by Z a le n sk i (1 9 0 4 ) fo r  le a v e s  o f  
d i f f e r e n t  t i e r s  o f  th e  p la n t  can  be a p p lie d  to  the  
d i f f e r e n t  p a r ts  o f  th e  in d iv id u a l  l e a f .  Thus th e  apex  
and margin o f  th e  l e a f  resem b le th e  le a v e s  o f  th e  upper  
t i e r s  in  t h e i r  sm all d eg ree  o f  ex p a n sio n , and th e  
m edian a rea  and b a se  o f  th e  l e a f  resem ble th e  le a v e s
o f  th e  low er t i e r s .
In  th e  p r e s e n t  in v e s t ig a t io n  th e  g r a d ie n ts  found  
by S a lisb u r y  (1927) w ere co n firm ed , and h ave a ls o  b een  
found in  o th e r  l e a f  t y p e s .
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D e s c r ip t io n  o f  F ig u r e s .
F ig s  1 - 1 9 *  Haemanthus c o c o in e u s . I .  S to m a ta l freq u en cy  
c u r v e s . L. C. ■ Median l i n e  o f  lo w er  s u r f a c e .  L. M. -  Margin 
o f  low er s u r f a c e .  U. 0 .  ■ Median l i n e  o f  upper s u r f a c e .  U. M. * -  
Margin o f  upper s u r fa c e ,  x  2 .  S tom atal in d ex  c u r v e s , l e t t e r ­
in g  as in  f i g  I .  X f . 3 .  S tom ata l fr e q u e n c ie s  a c r o s s  l e a f  a t  
6  i n s .  from th e  b a s e . U . S . = U pper s u r f a c e .  L. S . » Lower 
s u r fa c e , x  4* S to m a ta l in d ic e s  a c r o ss  l e a f  as in  f i g  3 . x
5 - 6 .  L in es drawn th rou gh  p o in t s  w ith  th e  same s to m a ta l freq u en cy  
v a lu e s .  5 . Lower su r fa c e , x  2 * 6 .  Upper s u r fa c e ,  x  2 * 7 - 8 .
L in e s  drawn through  p o in t s  w ith  th e  same in d ex  v a lu e s .  7» Lower 
s u r fa c e , x  i .  8 .  Upper s u r fa c e ,  x  2 . V a r ia t io n s  in  th e  e p id e r ­
mis o f  th e  upper s u r fa c e  from th e  apex f i g  9 to  th e  b a se  o f  th e  
l e a f  f i g  1 5 . X 2 00 . D if f e r e n c e s  betw een  th e  ep id erm is o f  th e  
upper and lo w er  s u r f a c e s .  1 6 . Upper s u r f a c e .  17- Lower 
s u r fa c e , x  2 0 0 . S tr u c tu r e  o f  th e  stom a. 1 8 . Upper s u r fa c e .
1 9 . Lower s u r f a c e ,  x  6 8 0 .
F ig s  2 0 - 3 8 . Haemanthus r o t u n d i f o l iu s . 2 0 . P a p i l la  f r e ­
q u en c ies  f o r  th e  upper s u r fa c e .  N atu ra l s i z e .  2 1 . P a p i l la  i n ­
d ic e s  f o r  th e  upper s u r fa c e .  N a tu ra l s i z e .  F ig s  22 -  3 0  
S tr u c tu re  o f  th e  p a p i l la  x  6 8 0 . 2 2 . P a p i l la  in  th e  s o l i d ,
2 3 . L o n g itu d in a l s e c t io n  o f  sh o r t  p a p i l l a .  2 4 . Same f o r  a lo n g  
p a p i l l a ,  p ■ p i t t s .  2 5 - 2 6 . Apex o f  th e  p a p i l la  in  th e  s o l i d .
2 7  -  2 8 . O penings in  th e  apex o f  th e  p a p i l l a .  F ig s  29 -  3 2 .
2 9 . S tom atal fr e q u e n c ie s  f o r  upper s u r fa c e . N atu ra l s i z e .  3 0 . 
Same fo r  th e  lo w er  s u r f a c e .  N a tu ra l s i z e .  3 1 . S to m a ta l in d ex  
v a lu e s  fo r  t h e  lo w er  s u r f a c e .  N a tu ra l s i z e .  3 2 . Same f o r  th e  
upper s u r fa c e . N a tu ra l s i z e .  F ig s  33 -  3 8 . V a r ia t io n s  in  th e  
s i z e  o f  th e  ep id erm al c e l l s ,  x  2 0 0 . 33 , 3 5 , 3 7 . Apex c e n tr e ,  and 
b a se  r e s p e c t iv e ly  f o r  th e  low er s u r fa c e .  3 4 , 36 3 8 . The same 
f o r  th e  upper s u r fa c e .
F ig s  3 9 - 4 1 . Haemanthus a l b i f l o s . young l e a f .  3 9 . S tom atal 
fr e q u e n c ie s  f o r  upper s u r f a c e .  Shaded a re a s  w ith  sto m a ta , b la n k  
a rea s  w ith o u t . 4 0 . Same f o r  lo w e r  s u r fa c e . No a r e a s  w ith o u t  
stom ata . N a tu ra l s i z e .  F ig s  41 -  4 2 . E p id erm is in  s u r fa c e  v ie w .
X 6 8 0 . 4 1 . E piderm is from  "A” , upper s u r f a c e .  4 2 . E piderm is
from "b", lo w e r  s u r f a c e .
F ig s  4 3 - 5 7 . B r u n sv ig ia  g ig a n t e a . 4 3 . P a p i l la  fr e q u e n c ie s  f o r  
u pper s u r fa c e , x  f . 4 4 . P a p i l la  in d ic e s  f o r  upper s u r f a c e ,  x
F ig s .  45, -  4 9 . S tr u c tu r e  o f  th e  p a p i l l a ,  x  680.^ 4 5 . Double -  
t ip p e d  p a p i l la  in  th e  s o l i d .  4 6 . P a p i l la  i n  lo n g itu d in a l  s e c t io n ,  
a « r in g  o f  c e l l u l o s e ,  b -  m u c ila g e  p lu g , c = a p ic a l  cap o f  
a lt e r e d  c u t i c l e ,  d -  c e l l u l o s e  w a l l  a t  apex o f  p a p i l l a .  4 8 . 
P a p i l la  w ith  p e c u l ia r  l a t e r a l  b u lg e .  4 9 . Abnormal p a p i l l a .
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5 0 . S tom ata l f r e q u e n c ie s  shown a s  cu rv es f o r  th e  m argin  o f  t h e  
u p p er su r fa c e  (U.M. ) ,  m edian l i n e  o f  th e  u p p er  s u r fa c e  (U.O# ) ,  
m argin o f  th e  lo w er  s u r f a c e  ( L . M . ) ,  and th e  m edian l i n e  o f  th e  
lo w e r  s u r fa c e  (L.G^) ,  x  51 • S to m a ta l i n d i c e s ,  l e t t e r i n g  a s  
in  f i g s  5 0 . X t*  P i6 3  5 2 , 54 ,  5 6 . P o r t io n s  o f  th e  u p p er
ep id e r m is  p a s s in g  from  t h e  apex t o  th e  b a s e  o f  th e  l e a f ,  x  2 0 0 .
F ig s  53 , 5 5 , 5 7 , th e  same f o r  th e  lo w e r  s u r f a c e .  % 2 0 0 .
P ig s  58 -  6 5 . O alan thu s n i v a l i s .  5 8 . S to m a ta l fr e q u e n c y  and 
in d e x  cu rv es  f o r  th e  u p p er  s u r f a c e  ( U . S . ) ,  and th e  lo w e r  s u r f a c e  
( L . S . ) .  N a tu r a l s i z b .  5 9 . Stoma from  th e  lo w er  s u r f a c e ,  x  6 8 0 .  
P ig s  6 0 , 6 2 , 6 4 , s u c c e s s iv e  p i e c e s  o f  e p id e r m is  o f  t h e  u p p er  
s u r fa c e  from  th e  apex t o  th e  b a s e  o f  th e  l e a f ,  x  2 0 0 . F ig s  6 1 ,
6 3 , 65* th e  same f o r  t h e  lo w er  s u r f a c e ,  x  2 0 0 .
P ig s  66  -  7 5 .  Ammocharis f a l c a t a . 6 6 . S to m a ta l f r e q u e n c ie s  
f o r  th e  u p p er  ( U. S . J  and lo w e r  ( L . S . ) s u r f a c e s .  N a tu r a l s i z e .  
6 7 . Same f o r  th e  s to m a ta l i n d i c e s .  N a tu ra l s i z e .  P ig s  6 8 , 7 0 ,  
7 2 , 74* s u c c e s s iv e  p i e c e s  o f  th e  lo w e r  e p id e r m is  from  th e  b a se  
t o  th e  apex o f  th e  l e a f ,  x  2 0 0 . P ig s  69* 7 1 , 73* 75* same f o r  
th e  lo w er  s u r f a c e ,  x  2 0 0 .
P ig s  76  -  8 0 . N a r c is s u s  p o e t i c u s . 7 6 .  S to m a ta l f r e q u e n c ie s  
and in d ic e s  f o r  th e  u p p er ( U. S .  ) and ( L . S . )  s u r f a c e s ,  x  
P ig s  77* 78 , 79  * 8 0 , s u c c e s s iv e  p ie c e s  o f  t h e  upper ep id e r m is
from  th e  apex t o  th e  b a se  o f  th e  l e a f ,  x  2 0 0 .
P ig s . 81 -  1 0 8 . The S tom a. V a r ia t io n s  in  th e  stom a a t  th e  apex
and b a se  o f  th e  l e a f  f o r  b o th  u p p er  and lo w e r  s u r f a c e s ,  x  3 8 O.
81 -  8 4 . Haemanthus c o c c in e u s . 8 5 - 8 8 . Haemanthus r o t u n d i f o l iu s  
8 9  -  9 2 . N a r c is s u s  p o e t i c u s . 93 -  9 6 . H y m en o ca llis  f a s  t a i l s .
97 -  1 0 0 r B ru n sw ig ia  g ig a n t e a .  101  -  I 0 4 . Ammocharis f a l c a t a . 
1 0 5  -  1 0 8 . G-alanthus n i v a l i s . F i r s t  v e r t i c a l  colum n, f f i g s  8 1 , 
8 5 * 89* 93* 97* 101, 1 0 5 * ) s to m a ta  from  6p ex  o f  l e a f ,  u pp er  
s u r f a c e .  Second  v e r t i c a l  colum n, stom a from  b a s e  o f  l e a f ,  u p p er  
s u r f a c e .  T h ird  v e r t i c a l  colum n, stom a from  apex o f  th e  lo w er  
s u r fa c e  o f  th e  l e a f .  F o u rth  co lum n, stom a from  b a se  o f  lo w er  
s u r f a c e .
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/Apex of leaf.Dis ha nee in inches.
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, -  3 ÂTTTns»eft rnargrin F i g . 3 .
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HAEMANTHUS ROTUNDIFOLIUS.
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i g . 2 5 .
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S t o m a t a l  f r e q u e n c i e s .
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34
HAEMANTHUS ROTUNDIFOLIUS 
S t o m a t a l  i n d e x .
L o w e r  s u r f a c e .
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30F i g . 3 2
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HAEMANTHUS ROTUNDIFOLIUS.
A p e x .  Lower s u r f a c e .
F i g . 3 3 .
A p e x .  U p p er  s u r f a c e .
F i g . 3 4 .
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HAEMANTHUS ROTUNDIFOLIUS
C e n t r e .  Lower s u r f a c e .
F i g . 3 5
C e n t r e .  U p p er  s u r f a c e
F i g . 3 6 .
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HAEMANTHUS ROTUNDIFOLIUS.
B a s e ,  Lower s u r f a c e .
B a s e ,  U p p er  s u r f a c e
F i g , 3 8 .
HAEMANTHUS ALBIFLOS
S t o m a t a l  f r e q u e n c y .
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B a s e . A p ex .
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F i g . 6 5 .
AMMOCHARIS FALCATA.
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THE STOMA
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H a e m a n th u s  c o c c i n e u s .
8 1 8 2 . 8 3 8 4 .
H a e m a n t h u s  r o : u n d i f o l i u s .
8 6 . 8 7 . 888 5
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9 29 18 9 9 0 .
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ICO9 8 99
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I C I 1 04102 1 0 3
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P A R T  I I .
THE ANATOMY OF THE DORMANT LEAF, AND OF THE LEAF AT 
VARIOUS STAGES OF GROWTH WITH SPECIAL REFERENCE 
TO MERISTEMATIC ACTIVITY AND THE VASCULAR
SYSTEM.
NARCISSUS POETICUS. L .
&
COMPARISON WITH N. ELVIRA.
I n tr o d u c t io n .
If* "bulbs o f  N a r c is s u s  p o e t i c u s .L . .a r e  exam ined in  th e  
e a r ly  s p r in g , when th e  le a v e s  a re  an in ch  o r  so  above th e  
grou n d , i t  i s  o b v io u s t h a t  th e  t i p s  o f  th e  le a v e s  a re  m ature, 
and th a t  su b seq u en t grow th  c a u s in g  e lo n g a t io n  o f  th e  le a v e s  
t a k e s  p la c e  in  th a t  p a r t  o f  th e  l e a f  w hich i s  h idden  in  th e  
b u lb , and p r o te c t e d  by a la r g e  number o f  c l o s e l y  packed f l e s h y  
s c a l e s .  C a r e fu l m arking o f  th e  l e a f  s u r fa c e  above th e  ground  
w i l l  show t h a t  v ery  l i t t l e  in c r e a s e  in  th e  s i z e  o f  th e  exp osed  
s u r fa c e  o c c u r s , and t r a n s v e r s e  s e c t io n s  o f  th e  l e a f  show th a t  
a l l  th e  t i s s u e s  are m atu re.
B r ie f  r e fe r e n c e  t o  t h i s  b a s a l  grow th i s  made by Arber 
1 9 2 5  in  h e r  b ook , "M onocotyledons" p . 9 2 . O nly a g e n e r a l  
s ta te m e n t i s  g iv e n  t h a t  " th ere i s  o f t e n  a s tr o n g  ten d en cy  to  
c e l l  d iv i s i o n  tow ards th e  a d a x ia l su r fa c e  o f  th e  l e a f - b a s e  , 
and p e t i o l e s ,  and a s l i g h t  ten d en cy  to  th e  same a c t i v i t y  tow ards 
th e  a b a x ia l s u r fa c e ."
In  th e  p r e s e n t  i n v e s t i g a t i o n  a stu d y  has b een  made o f  
th e  anatomy o f  th e  m ature l e a f  and o f  th e  grow ing zo n es in  th e  
lo w e r  p o r t io n  o f  th e  em erging l e a f .  S p e c ia l  a t t e n t io n  has b een  
g iv e n  to  ch an ges w hich o cc u r  in  th e  ep id erm is  and m esop h yll 
d u r in g  th e  change from th e  m e r is te m a tic  c o n d it io n  to  m a tu r ity , 
and d i f f e r e n t i a t i o n  o f  th e  v a s c u la r  b u n d les in  th e  grow ing zone  
d u r in g  th e  e lo n g a t io n  and m a tu ra tio n  o f  th e  l e a f  have b een  
p a r t  i c u la r ly  s t u d ie d .
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In  th e  f o l lo w in g  accou n t t h e  s t r u c tu r e  o f  th e  l e a f  in  
i t s  dormant c o n d it io n  ( in  th e  r e s t in g  b u lb )  w i l l  b e  d e sc r ib e d  
f i r s t .  The r e s t in g  b u lb  c o n s i s t s  o f  a s e r i e s  o f  f l e s h y  con­
c e n t r i c  s c a l e s ,  d ev e lo p e d  from b a s e s  o f  f o l i a g e  and s c a le  l e a v e s ,  
e n c lo s in g  a sh o o t  w hich  i s  from 3 0  mms. to  4 5  mms. in  le n g th  
( f i g  1 0 9 / .  The sh o o t i s  composed o f  two to  th r e e  s c a l e  le a v e s  
w hich  n ev er  d e v e lo p  norm al l e a f - l im b s ,  and th r e e  to  f i v e  f o l i a g e  
l e a v e s ,  fo u r  b e in g  th e  u s u a l number. T hese f o l i a g e  le a v e s ,  
a lth o u g h  c o m p le te ly  co v ered  by f l e s h y  s c a l e s ,  have g r e e n  t i p s ,  
th e  lo w er  p o r t io n s  b e in g  y e l lo w is h  o r  w h ite .  The le a v e s  a re  
d i s t i c h o u s ,  and each  c o n s i s t s  o f  a l in e a r ,  p a r a l le l - v e in e d  
la m in a  ( c a l l e d  by Arber a " P seu d o-lam in a . " ) w ith  a w e l l  d e f in e d  
m id -r ib , and a s h e a th in g  l e a f - b a s e .  The sh e a th in g  le a f -b a d e  o f  
th e  o u te r  l e a f  e n c lo s e s  th e  b a s e s  o f  a l l  th e  in n er l e a v e s ,  and 
in  th e  same way each  o f  th e  in n e r  l e a f - b a s e s  e n c lo s e s  th e  lo w er  
p o r t io n s  o f  a l l  th e  le a v e s  w ith in  i t ,  e x c e p t  th e  innerm ost  
l e a f  w hich i s  n o n -sh e a th in g  and b e a r s  in  i t s  a x i l  th e  f lo w e r  f o r  
th e  c u r r e n t  y e a r .  The bud t h a t  g iv e s  r i s e  to  n ext y e a r ' s  s c a le  
and f o l i a g e  le a v e s  and f lo w e r , i s  te rm in a l on th e  stem  a x is  a s  
shown in  f i g  I 3 I .  S ee  a ls o  Irm isch  1850 and Goebel 1 9 0 5 , v o l  
I I  p . 2 9 9 .
SECTION I .  PRIOR TO THE RESTING STAGE.
The d evelopm en t o f  th e  young l e a f  p r io r  to  th e  r e s t in g  
s t a g e  was fo l lo w e d  in  N a r c is s u s  b u lbocod ium . L .v a r . c i t r in u s  
and Haemanthus a l b i f l o s . Jacq .
The l e a f  p r lm ord ia  appear in  a c r o p e ta l s u c c e s s io n  on th e  
m e r is te m a t ic  stem  apex and are d i s t ic h o u s  in  b oth  p la n t s  ex ­
am ined. The apex o f  th e  le a f - l im b  i s  form ed f i r s t  by a l o c a l  
b u lg e  on one s id e  o f  th e  stem  a p e x . L a te r  th e  l e a f - b a s e  i s  
form ed by th e  e x te n s io n  o f  th e  m e r is te m a tic  t i s s u e  to  e n c ir c le  
th e  stem  a x i s  ( a m p le x ic a l ) . M e r is te m a tic  a c t i v i t y  c e a s e s  f i r s t  
in  th e  apex o f  th e  l e a f - l im b  and t h i s  p ro ceed s bas ip e t  a l l y ,  b u t  
in v o lv e s  o n ly  th e  c e n t r a l  t i s s u e s  o f  th e  b a s e  o f  th e  le a f - l im b ,  
t h e  p e r ip h e r a l t i s s u e s  rem ain in g  m e r is te m a t ic . A u x e s is  a ls o  
p r o ce ed s  b a s i p e t  a l l y  b ut v ery  l i t t l e  e x t e n s io n  o f  th e  t i s s u e s  o f  
th e  lo w er  h a l f  o f  th e  l e a f - l im b  ta k e s  p la c e  b e fo r e  th e  r e s t in g  
s t a g e .  In  th e  l e a f - b a s e  m e r is te m a tic  a c t i v i t y  c e a s e s  p r io r  t o  
th e  r e s t in g  s ta g e  and c o n s id e r a b le  a u x e s is  f o l lo w s .  With th e  
c e s s a t io n  o f  m e r is te m a t ic  a c t i v i t y  comes th e  la y in g  down o f  
s ta r c h  w ith in  th e  t i s s u e s ,  th a t  i s ,  in  th e  m esophyll o f  th e  l e a f -  
b a s e ,  and th e  c e n t r a l  m esop h y ll t i s s u e s  through out th e  l e a f -  
l im b . The g r e a t e s t  a ccu m u la tio n  o f  s to r a g e  s ta r c h  i s  found in  
th e  l e a f - b a s e ,  and th e  b a se  o f  th e  l e a f - l im b .
A p rocam b ia l s tr a n d  i s  d i f f e r e n t i a t e d  e a r ly  in  th e  e lo n g ­
a te d  l e a f  prim ordium b e fo r e  th e  le a f - b a s e  has been  form ed.
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A fte r  th e  t i s s u e s  o f  t h e  l e a f - b a s e  have b een  la id  down a few  
narrow e lo n g a te d  a n n u a lly  and s p i r a l l y  th ic k e n e d  tr a c h e id s  are  
formed in  th e  l e a f - l im b .  The tr a c h e a l  t i s s u e  c o n tin u e s  w ith ­
ou t in te r r u p t io n  to  th e  stem  system  but th e  tr a c h e id s  become 
sh o r t  and more numerous e s p e c ia l l y  in  Haemanthus a l b i f l o s  where 
a t  t h i s  s ta g e  th e  l e a f  h as a t o t a l  le n g th  o f  2 mms. In  
N a r c issu s  bulbocodium  v a r .  c i t r in u s  l i g n i f l e d  t i s s u e s  were found  
in  a young l e a f  on ly  1  mm in  le n g t h .
B e fo re  th e  l e a f  p a sse s  in to  th e  r e s t in g  s ta g e  th e  t i s s u e s  
a t  th e  apex o f  th e  le a f - l im b  have d i f f e r e n t ia t e d  and are  m ature. 
T h is  i s  fo l lo w e d  b y  a e x te n s iv e  zone a t  th e  base o f  th e  l e a f -  
lim b  c o n s i s t in g  o f  immature t i s s u e s .  The sm all le a f - b a s e  i s  
n o n -m e r ls te m a tic  b ut th e  in d iv id u a l  c e l l s  are v ery  s m a ll .
SECTION I I .  THE DORMANT LEAP.
The o u te r  f o l i a g e  l e a f  o f  a w e ll  formed sh o o t removed 
from  a b u lb  in  th e  r e s t in g  c o n d it io n  measured 3 0  mms. in  
le n g t h .  T h is  i s  sm a ll f o r  th e  main sh oot from th e  c e n tr a l  b u lb  
o f  a "mother grou p ."  The l e a f  w i l l  be co n s id er ed  in  th r e e  
p o r t io n s ,  nam ely, th e  l e a f - b a s e ,  th e  grow ing zone a t  th e  b ase  o f  
th e  l e a f - l im b ,  and th e  mature upper p o r t io n  o f  th e  le a f - l im b .
The c o m p le te ly  sh e a th in g  le a f - b a s e  was about 9 mms. in  le n g th ,  
( f i g s  109 & n o ) .  That p o r t io n  o f  th e  le a f - b a s e  w hich con­
t in u e s  up in t o  th e  le a f - l im b  i s  term ed In t h i s  account the  
LEAF-BASE PROPER. The p o r t io n  o f  th e  le a f - b a s e  w hich co m p letes  
th e  sh ea th  i s  term ed th e  SHEATHING PORTION. I t  becom es th in  in  
th e  upper p a r t  where i t  te r m in a te s  in  a c r e sc e n t-sh a p e d  r id g e  
3 mms. in  l e n g t h .  The le a f - l im b  c o n s is t s  o f  a b a s a l growing zone  
about 1 4  mms. i n  le n g th , and a sm a ll mature a p ic a l  p o r t io n  about 
T mms. in  le n g t h .
The l e a f - b a s e .
( i )  The E p id erm is.
The ep id erm al c e l l s  a t  th e  low er end o f  th e  sh ea th in g  
l e a f - b a s e  are  e lo n g a te d  p a r a l le l  to  th e  lo n g  a x is  o f  th e  l e a f ,  
b e in g  th r ee  o r  fo u r  t im e s  as lo n g  a s  broad , seen  In su r fa c e  v ie w ,  
( f i g  1 1 2 ) . The c e l l s  o f  th e  ep id erm is co v er in g  th e  a d a x ia l  
and a b a x ia l s u r fa c e s  o f  b o th  le a f - b a s e  p rop er and sh ea th in g  
p o r t io n s  are s im ila r  in  s i z e  and sh ap e . There i s  no c e l l  
d iv i s i o n  a t  t h i s  l e v e l ,  b u t a u x e s is  i s  c o n t ln o u s ly  ta k in g  p la ce  
from  th e  tim e  growth commences. The c e l l  w a lls  are t h in ,  th e  
p rotop lasm  c o n ta in s  r e l a t i v e l y  la r g e  v a c u o le s , and th e  n u c le i  a re  
co m p a ra tiv e ly  s m a ll. S ta rch  i s  n ever found in  th e  ep id erm is  
a t any s ta g e  e x c e p t  in  mature g u a r d -c e ll  s .  In th e  c e n tr e  o f  th e  
le a f - b a s e  th e  ep id erm al c e l l s  a re  hexagon al w ith  o n ly  a s l i g h t  
ten d en cy  to  become e lo n g a te d , a s  se e n  in  su r fa c e  v ie w , ( f i g  I I 3 )
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The n u c le i  are  la r g e ,  th e  p rotop lasm  i s  d e n se , (C o n tra st th e  
two c e l l s  drawn in  d e t a i l  in  f i g s  1 1 2  and I I 3  r e s p e c t iv e ly ) ,  
and o n ly  a few  c e l l  d iv i s io n s  ta k e  p la c e . In  th e  upper part 
o f  th e  l e a f - b a s e  th e  a d a x ia l and a b a x ia l ep id erm is o f  th e  l e a f -  
b a se  proper ( th a t  p art w hich c o n t in u e s  up in to  th e  grow ing  
aone) i s  composed o f  sm a ll m e r is te m a tic  c e l l s  ( f i g  I I 5 ) .  The 
c e l l s  have t h in  w a l l s ,  la r g e  n u c le i ,  and d en se  g ra n u la r  pro­
to p la sm .
The ep id erm is o f  th e  sh e a th in g  p o r t io n  i s  a ls o  sm a ll-  
c e l l e d  in  th e  upper p a r t ,  e s p e c ia l l y  th a t  o f  th e  c r e sc e n t-sh a p e d  
r id g e ,  b u t co m p a ra tiv e ly  l i t t l e  c e l l  d iv i s i o n  ta k es  p la c e .
( i i )  The g r o u n d - t is s u e  o f  th e  le a f - b a s e .
The c e l l s  o f . t h e  g r o u n d -t is s u e  are rounded as se e n  in  
tr a n s v e r s e  s e c t io n  w ith  la r g e  a i r  sp aces b etw een  th e  in d iv id u a l  
c e l l s .  In  lo n g it u d in a l  s e c t io n  th e  c e l l s  a re  r e c ta n g u la r , a 
few  b e in g  e lo n g a te d  p a r a l l e l  to  th e  lon g  a x i s  o f  th e  l e a f  as in  
f i g  114* The c e l l  w a l ls  are t h in ,  th e  n u c le i  sm a ll, and th e
p rotop lasm  i s  s c a n ty . These c e l l s  are d e n s e ly  packed w ith
s to r a g e  s t a r c h .  No c e l l  d iv i s io n s  take p la c e  but th e r e  i s  a 
c e r t a in  amount o f  a u x e s is .  Rows o f  e lo n g a te d  c e l l s  are  p resen t  
w hich  c o n ta in  r a p h id e s .
Towards th e  u p p er p art o f  th e  le a f - b a s e  proper a change 
ta k e s  p la c e  in  th e  c e l l s  o f  th e  p e r ip h e r a l ground t i s s u e .  The 
s ta r c h  g r a in s  become sm a lle r  and few er in  number, and some c e l l  
d i v i s i o n s  ta k e  p la c e  ( f i g  1 1 6 ) . T his ten d en cy  in c r e a s e s  u n t i l  
th e  tru e  m e r is te m a tic  r e g io n  o f  th e  growing zone i s  rea ch ed .
T h is i s  most c l e a r ly  s e e n  in  th e  two su b-ep id erm al la y e r s  o f  th e  
a d a x ia l  and a b a x ia l s u r f a c e s .
The Growing Zone a t th e  b ase  o f  th e  l e a f - l im b .
( 1 ) The E p id erm is.
At th e  b a se  o f  th e  grow ing zone th e  a d a x ia l and a b a x ia l  
c e l l s  a re  m e r is te m a t ic , b u t in  th e  dormant l e a f  c e l l  d iv is io n  
has b een  su sp en d ed . The c e l l s  however have a l l  th e  ch a ra c ter ­
i s t i c s  o f  m e r is te m a tic  t i s s u e s .  The c e l l s  are sm a ll w ith  th in  
w a lls  and c io r ta in  d en se  g ra n u la r  protoplasm  w ith  o n ly  a few  
sm a ll v a c u o le s .  The n u c le i  a re  la r g e  in  p ro p o rtio n  to  the s i z e  
o f  th e  c e l l s .  Betw een 10 and 12 mms. as measured from the b a se  
o f  th e  s h o o t , c e l l s  d iv i s io n s  r e s u l t  in  th e  p ro d u ctio n  o f  
d au gh ter  c e l l s  o f  s im i la r  s i z e ,  b u t a t  1 3  mms. c e r t a in  sm all 
narrow c e l l s  a re  r e a d i ly  d is t in g u is h a b le ,  b o th  in  su r fa c e  view  
and lo n g it u d in a l  s e c t io n  ( f i g s  1 1 7  & 1 1 8 ) .
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These sm all c e l l s  are th e  s to m a ta l i n i t i a l s .  From t h i s  l e v e l  
c e l l  d iv i s io n  c e a s e s ,  (e x c e p t  in  th e  ca se  o f  th e  sto m a ta l  
i n i t i a l s )  and i s  fo llo w e d  by e x te n s iv e  a u x e s is .  The epiderm al 
c e l l s  in c r e a s e  in  s i z e  c h ie f ly  by e lo n g a t io n  p a r a l le l  to  th e  
lo n g  a x is  o f  th e  l e a f  ( f i g .  1 1 9 ) . The s to m a ta l i n i t i a l s  which  
have a ls o  in c r e a se d  in  s i z e ,  becom ing p r a c t i c a l ly  square as seen  
in  s u r fa c e  v ie w , now d iv id e  by lo n g it u d in a l  w a lls  p a r a l l e l  to  
th e  lo n g  a x is  o f  th e  l e a f ,  so  th a t  two g u a r d -c e l ls  are formed 
( f i g  1 2 1 ) . T h is d oes n o t  ta k e  p la c e  in  a l l  th e  i n i t i a l s  
s im u lta n e o u s ly , but in  a t r a n s i t io n  zone a t th e  upper end o f  
w hich a l l  th e  I n i t i a l s  have d iv id e d  but th o s e  I n i t i a l s  th a t  are  
in  advance o f  th e  o th e r s  have th e  g u a r d -c e l ls  g r e a t ly  in cr ea se d  
in  s i z e .  The guard c e l l s  b u lg e  in to  th e  n eigh b ou rin g  ep iderm al 
c e l l s  as th ey  m ature. The median p o r t io n  o f  th e  m idd le la m e lla  
b etw een  th e  two g u a r d -c e l ls  now d is s o lv e s  away and a pore i s  
form ed . No s ig n s  o f  s ta r c h  co u ld  be found in  th e  g u a r d -c e l ls  
p r io r  to  th e  form a tio n  o f  th e  p o r e . At 25mms from th e  b ase o f  
th e  sh o o t th e  ep id erm al c e l l s  and stom ata are m ature, th e  
ep id erm al c e l l s  b e in g  about te n  t im e s  th e  le n g th  o f  th e  o r ig in a l  
m e r is te m a tic  c e l l s  and two to  th r e e  tim es a s wide ( f i g  1 2 3 ) .
The m e so p h y ll.
M eristem a tic  a c t i v i t y  in  th e  m esop h yll o f  th e  grow ing zone  
i s  co n fin e d  to  th e  th r e e  or  fo u r  su b -ep id erm al la y e r s  o f  th e  
a d a x ia l  and a b a x ia l  s u r f a c e s .  The c e n tr a l  m esophyll undergoes  
no c e l l  d i v i s i o n ,  and c o n ta in s  abundant s to r a g e  s ta r c h . Thus 
th e  sta tem en t in  A rb er 's  "M onocotyledons" 1925 , th a t  as a r u le  
c e l l  d iv i s io n  a f f e c t s  th e  m esop h yll on ly  n eed s m odify in g  as i t  
a f f e c t s  o n ly  th e  p e r ip h e r a l m esop h yll in  th e  p la n ts  in v e s t ig a t e d  
in  P art 1 1 .
( i i )  The p a lis a d e  form ing zo n e .
The su b -ep id erm a l c e l l  la y e r  o f  b o th  th e  a d a x ia l and 
a b a x ia l  s u r fa c e s  g iv e s  r i s e  by m e r is te m a tic  a c t i v i t y  to  the  
p a l i s a d e .  The c e l l s  d iv id e  by w a l ls  in  two p lan es o n ly , th a t  i s  
in  th e  p la n e  o f  the lo n g it u d in a l  s e c t io n  and a t  r ig h t  a n g les  to  
i t  ( f i g  1 1 8 ) . In th e  upper p a r t  o f  th e  grow ing zone c e l l  d i v i s ­
io n  c e a s e s  and i s  fo llo w e d  by a u x e s is  o f  th e  in d iv id u a l c e l l s .
At th e  l e v e l  o f  f i g  124 th e  p a lis a d e  c e l l s  have n e a r ly  reached  
t h e i r  f u l l  s i z e .  T hese c e l l s  are somewhat m od ified  as they  
o ccu r  in  th e  narrowed and rounded apex o f  th e  l e a f .
( i i i )  The s u b -p a lis a d e  zone.
A la y e r  about two c e l l s  deep beneath  th e  p a lis a d e  o f  b o th  
s u r fa c e s  shows some m er is te m a tic  a c t i v i t y  a t  th e  b a se  o f  th e  
grow ing zo n e . P a ss in g  hijgher up t h i s  soon  c e a se s  and i s  f o l lo w ­
ed by ex p a n sio n  o f  th e  c e l l s  w hich  become e lo n g a ted  p a r a l le l  to
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th e  lo n g  a x is  o f  th e  l e a f  ( f i g  1 2 4 ) .  These c e l l s  have l e s s  
c h lo r o p h y ll  c o n te n t  th a n  th e  p a l i s a d e .
( i v i  The ground t i s s u e  o f  th e  grow ing z o n e .
At th e  h a se  o f  th e  grow ing zone th e  ground t i s s u e  i s  
composed o f  sm a ll th in -w a l le d  c e l l s  packed w ith  s to r a g e  s ta r c h  and 
s im i la r  to  th e  ground t i s s u e  o f  th e  l e a f - b a s e .  P ro ceed in g  up­
wards th e  c e l l s  become la r g e r ,  b e in g  r e c ta n g u la r  and e lo n g a te d  
p a r a l l e l  to  th e  lon g  a x is  o f  th e  l e a f ,  as se e n  in  lo n g i t u d in a l  
s e c t io n  ( f i g  1 2 6 ) . The c e l l s  in c r e a s e  in  s i z e  by a u x e s is  so th a t  
in  th e  upper p a r t  o f  th e  grow ing zone th ey  are  th r e e  to  fo u r  t im e s  
th e  d im en tio n s o f  th e  o r ig in a l  c e l l s .
The mature u p p er  p o r t io n  o f  th e  l e a f .
The m ature p o r t io n  o f  th e  le a f - l im b  i s  sm all c o n s i s t in g  o f  
th e  a p ic a l  f i v e  to  sev en , mms.
( i )  The e p id e r m is .
In lo n g it u d in a l  s e c t io n  th e  e lo n g a te d  ep id erm al c e l l s  can  
be se e n  to  h ave th ic k  w a l ls  e s p e c i a l l y  th e  o u te r  on es and th o s e  
a b u tt in g  on th e  p a l i s a d e .  The c u t i c l e  i s  co m p a ra tiv e ly  th in  
and smooth ( f i g  124) # The stom ata  are sunk below th e  su r fa c e  o f  
th e  ep id erm al c e l l s .  The o v era rch in g  o f  th e  r id g e s  from th e  
g u a r d - c e l ls  g iv e s  th e  p ore an h o u r g la ss  form as seen  in  t r a n s ­
v e r s e  s e c t io n  (Wassermann 1924)*
( i i )  The p a lis a d e  la y e r .
The p a l is a d e  c e l l s  are s im i la r  a t  b o th  s u r fa c e s ,  b e in g  
r e c ta n g u la r , and o n ly  show ing a sm a ll d eg ree  o f  ex p a n sio n  a t  
r ig h t  a n g le s  t o  th e  s u r fa c e  ow ing to  th e  rounding o f  th e  apex o f  
th e  l e a f ,  w h i le  th e  su b seq u en t in te r c a la r y  p o r t io n s  o f  th e  l e a f -  
lim b  have la r g e r  p a l is a d e  c e l l s .  The sm a ll exp an sion  o f  the  
m esop h y ll and ep id erm al c e l l s  a t  th e  apex o f  th e  l e a f  compared 
w ith  th e  r e s t  o f  th e  le a f - l im b  can  be c o r r e la te d  w ith  th e  reduced  
w a ter  su p p ly  compared w ith  th e  m ature l e a f  ( s e e  P art 1 page 7 ) .
( i i i )  The s u b -p a lis a d e  la y e r .
The c e l l s  are sm a ll and rounded as s e e n  in  tr a n s v e r s e  
s e c t io n  and c o n ta in  gome c h lo r o p h y ll ,  but much l e s s  than  th e  
p a l i s a d e .  I n s p it e  o f  t h e i r  sm a ll s i z e  t h e s e  c e l l s  are  m ature.
( i v )  The c e n t r a l  ground t i s s u e .
The ground t i s s u e  i s  composed o f  r e c ta n g u la r  c e l l s  as se e n  
in  lo n g it u d in a l  s e c t io n .  The c e l l s  are rounded as se e n  in
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t r a n s v e r s e  s e c t i o n .  They c o n ta in  some s t a r c h  ( f i g  127) but  
no fu r th e r  ex p a n sio n  ta k e s  p la c e ,  as th e s e  c e l l s  do n o t c o l la p s e  
in  th e  m ature l e a f ,  as th e y  are in  th e  apex o f  th e  l e a f .
The v a s c u la r  sy s te m .
A la r g e  number o f  v a s c u la r  b u n d les (abou t 30) p a ss  from  
th e  stem  o f  th e  bu lb  in t o  each  l e a f  as shown in  f i g  1 3 1 , th o se  
p a s s in g  in to  th e  sh e a th in g  p o r t io n  o f  th e  l e a f - b a s e  d i e  out a t  
th e  apex o f  th e  sh e a th , th o se  p a s s in g  in to  th e  l e a f - b a s e  proper  
c o n t in u e  th rou gh  th e  lim b  o f  th e  l e a f  to  th e  apex. At th e  b a se  
o f  th e  le a f - l im b  th e  v a s c u la r  b u n d les  p a ss  through a r e g io n  o f  
th e  l e a f  w hich  w i l l  l a t e r  undergo g r e a t  e lo n g a t io n , d u r in g  th e  
grow in g p e r io d  when th e  t i s s u e s  a re  r a p id ly  exp an d in g . In t h i s  
r e g io n  th e  xylem  has o n ly  one o r  two p rotoxy lem  e lem en ts  d i f f ­
e r e n t ia t e d  in  th e  form o f  an n u lar or s p ir a l  t r a c h e id s ,  thu s  
b e in g  ca p a b le  o f  w ater co n d u c tio n  to  the m aturing l e a f  apex and 
a llo w in g  a t  th e  same tim e  o f  ex p a n sio n  d u r in g  th e  e lo n g a t io n  o f  
th e  immature zo n e . At th e  l e a f  apex ( f i g  130) and in  th e  l e a f -  
b a se  ( f i g  1 3 2 ) th e  m etaxylem  i s  a ls o  l i g n i f i e d ,  th e s e  r e g io n s  
u n d ergo in g  v e r y  l i t t l e  su b seq u en t ex p a n sio n . The m etaxylem  o f  
th e  immature zone (zon e o f  ex p a n sio n ) i s  u n l i g n i f i e d ,  ( f i g s  133  
& 1 3 4 ) ,  th e  young t r a c h e id s  c o n ta in in g  a t  t h i s  s ta g e  c o n s id e r a b le  
c e l l  c o n te n t s ,  and b e in g  u n ab le  to  conduct w a ter , as can  r e a d i ly  
b e d em on strated  by p la c in g  le a v e s  in  e o s in .
The in v e r te d  bundle sy s te m .
The dormant l e a f  has a sy stem  o f  in v e r te d  b u n d les  j u s t  
b elow  th e  a d a x ia l  s u r fa c e  o f  th e  l e a f - l im b .  T his sy stem  con­
t in u e s  from th e  l e a f  apex in to  th e  upper p a r t  o f  th e  l e a f - b a s e ,  
where i t  c e a s e s  a b r u p t ly . The in v e r te d  b u n d le  system  does n o t  
t h e r e fo r e  co n n ec t d i r e c t l y  w ith  th e  v a s c u la r  system  o f  th e  stem , 
and i t s  o n ly  c o n n e c t io n  w ith  th e  normal v a s c u la r  system  (which  
d o es  co n n ect d i r e c t l y  w ith  th e  stem  system  v ia  th e  le a f - b a s e )  i s  
by means o f  com m issures r i s in g  from  th e  d o r s a l  and v e n t r a l  su r ­
f a c e s  o f  th e  l e a f  and c o n n e c t in g  th e  two sy s te m s . In  th e  dormant 
l e a f  th e  in v e r te d  b u n d les  have v e r y  l i t t l e  d i f f e r e n t i a t i o n  
( f i g s  128 & 1 2 9 ) ,  th e  xylem  i s  u n l i g n i f i e d ,  th e  phloem u n d if f ­
e r e n t ia t e d ,  b u t a few  s c l  ere  nchy matous e lem en ts  are p r e s e n t .
In  th e  dormant l e a f  th e  bundle sy stem s are co n n ec ted  by  
u n d i f f e r e n t ia t e d  tr a n s v e r s e  com m issures p a s s in g  from th e  phloem  
o f  th e  in d iv id u a l  b u n d les  ( f i g  1 2 8 ) .  T h is a llo w s  g r e a t  e x te n ­
s io n  in  grow th w ith o u t ru p tu re o f  any t i s s u e s .
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SECTION 3.  THE HALF-CROWN LEAF.
Throughout th e  grow ing se a so n  th e  l e a f  i s  c o n t in o u s ly  
in c r e a s in g  in  le n g th  due to  a u x e s is  o f  th e  t i s s u e s  l a i d  down 
in  th e  dormant l e a f ,  and to  th e  m e r is te m a tic  a c t i v i t y  o f  th e  
ep id erm is and p e r ip h e r a l m esop h y ll a t  th e  b a se  o f  th e  l e a f -  
l im b . The r a t e  o f  e lo n g a t io n  i s  n o t eq u a l in  a l l  p a r ts  o f  th e  
l e a f .  The o u te r  l e a f  o f  a h a lf-g r o w n  sh o o t was 1 8 3 'mms. in  
le n g t h ,  th a t  i s ,  5 t im e s  th e  le n g th  o f  th e  dormant l e a f .  The 
sh e a th in g  b a se  was 20 mms. in  le n g t h ,  th a t  i s ,  a l i t t l e  more 
th a n  tw ic e  th e  le n g th  o f  th a t  o f  th e  dormant l e a f ,  and th e  le a f -  
lim b  was about 163 mms. in  le n g th , o r  s ix  t im e s  th e  le n g th  o f  
t h a t  o f  th e  dormant l e a f .
The m ature p o r t io n  o f  th e  le a f - l im b  which appears above 
ground t r a n s p ir e s  a t  a c o n s id e r a b le  r a t e .  Two p la n ts  o f  
N a r c is su s  E lv ir a  (= N a r c is su s  p o e t ic u s ,  L. v a r  orna tu  s X N. 
t a z e t t a ,  L. ) w hose l e a v e s  had reach ed  about h a l f  t h e i r  f i n a l  
le n g t h  were s e t  up in  th e  la b o r a to r y  and th e  r a te  o f  t r a n s ­
p ir a t io n  o b ta in e d  by w e ig h in g . Each p la n t  l o s t  on an average
0 .8  grm s. o f  w a ter  p er  100 sq . cm s. o f  l e a f - s u r f a c e  in  24 hours 
( s e e  Table V I I ) .
T A B L E  V I I .
T r a n s p ir a t io n  o f  w a ter  by h a lf-g r o w n  le a v e s  o f  
N a r c is su s  E lv ir a .
T o ta l area  o f  le a v e s ' Amount o f  w ater t r a n s ­
f o r  b oth  s u r f a c e s . p ire d  by 100 s q . cm s.
o f  l e a f  su r fa c e  in
- 2 4  h o u r s .
P la n t  A. 1 4 6 . 5  s q . cms. • 8 8 5  grm s.
P la n t  B. 2 8 4 .2 5  " • 995 ”
The e x t e n s iv e  m ature p o r t io n  o f  th e  le a f - l im b  during  
th e  grow ing p e r io d  depends e n t i r e l y  on th e  sm a ll number o f  l i g ­
n i f  ie d  t r a c h e id s  p a ss in g  through th e  e x t e n s ib le  immature zone 
f o r  i t s  w a ter  su p p ly .
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The L e a f-b a s e .
( i  ) The Ep Iderml s .
The ep id erm al c e l l s  c o n t in u e  to  in c r e a s e  in  s i z e  by 
a u x e s is ,  m a in ly  in  th e  d ir e c t io n  o f  th e  lo n g  a x is  o f  th e  l e a f .  
C e l l  d iv i s io n  does n o t ta k e  p la c e .
( i i )  The G ro u n d -1 issu e .
The c e l l s  o f  th e  g r o u n d -t is s u e  o f  th e  le a f - b a s e  are sm a ll 
as in  th e  dormant l e a f  (com pare f i g s  142 & 125) and in  both  c a s e s  
a re  d e n se ly  packed w ith  s to r a g e  s ta r c h . In  tr a n s v e r s e  s e c t io n  
th e  la r g e  a i r  sp a ces  w hich  o ccu r  betw een  th e  c e l l s  a re  con­
sp ic u o u s  ( f i g  1 3 5 ) .
The Growing Zone a t th e  b a se  o f  th e  L e a f- lim b .
4
As in  dormant l e a f  t h i s  zone c o n s i s t s  o f  a sm a ll b a s a l  
m e r is te m a tic  r e g io n , fo llo w e d  by an e x te n s iv e  zone o f  a u x e s is  
w hich  g iv e s  p la c e  h ig h e r  up to  m ature t i s s u e s .  M eristem a tic  
a c t i v i t y  a f f e c t s  th e  p e r ip h e r a l t i s s u e s  o n ly ,  th e  c e n t r a l  mes­
o p h y ll  resp o n d in g  t o  e lo n g a t io n  by a u x e s is  o f  th e  in d iv id u a l  
c e l l s  which w ere l a i d  down in  th e  dormant l e a f .
( i ) The -E p id erm is.
The m e r is te m a tic  a c t i v i t y  in  th e  ep id erm is i s  m ainly  
c o n f in e d  to  th e  fo rm a tio n  o f  s to m a ta l i n i t i a l s ,  and t h e i r  sub­
seq u en t d i v i s i o n  in to  two g u a r d - c e l l s .  However some d iv i s io n s  
ta k e  p la c e  in d e p e n d en tly  o f  t h i s ,  in c r e a s in g  th e  number o f  
ep id erm al c e l l s  as shown in  f i g  1 3 6 . About th e  same p ro p o rtio n  
o f  s to m a ta l I n i t i a l s  are  found in  b o th  th e  a d a x ia l and a b a x ia l  
ep id erm is  ( f i g s  I 3 8  & 1 3 9 ) .
The r e g io n  w ith  s to m a ta l i n i t i a l s  i s  fo llo w e d  by a t r a n s ­
i t i o n  r e g io n  in  which th e  i n i t i a l s  d iv id e  to  form two g u a r d -c e l ls  
as in  th e  dormant l e a f .  The ep id erm al c e l l s  c o n tin u e  to  undergo  
a u x e s is .  The o u ter  w a l ls  become g r e a t ly  th ic k e n e d , a compar­
a t i v e l y  sm a ll p o r t io n  o f  th e  w a ll  becom ing c u t ic u la r i s e d ,  as i s  
shown by com paring f i g s  I 4 0  and I 4 I .
( i i )  The p a lis a d e  la y e r .
M er istem a tic  a c t i v i t y  in  th e  su b -ep id erm al la y e r  s t a r t s  
in  th e  upper p a r t o f  th e  l e a f - b a s e  and c o n t in u e s  f o r  about 15 mms 
in  th e  b a se  o f  th e  l e a f - l im b .  The d iv i s io n s  are ra p id  and th e  
c e l l s  formed a re  narrow w ith  no a i r  sp a ces betw een them ( f i g s  
1 3 8  & 1 3 9 ) .  A u x esis  ta k e s  p la c e  s lo w ly  ( f i g  I 4 0 ) , th e  p a lis a d e  
c e l l s  d ev e lo p  rounded ends as s e e n  in  lo n g itu d in a l  s e c t io n  and 
la r g e  a i r  sp a c e s  are form ed b etw een  th e  in d iv id u a l c e l l s  and 
b e n ea th  th e  stom ata  ( f i g  141)*
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(11 1 ) The s u h -p a lls a d e  zo n e .
A few  c e l l  d i v i s io n s  ta k e  p la c e  a t  th e  base o f  th e  l e a f -  
lim b  in  t h i s  zone ( f i g  1 3 9 ) ,  b u t th e s e  c e l l s  keep p ace  w ith  th e  
p a lis a d e  m a in ly  by a u x e s i s .  The c e l l s  are  r e c ta n g u la r  as seen  
in  lo n g i t u d in a l  s e c t io n  becom ing e lo n g a ted  p a r a l le l  to  th e  lo n g  
a x is  o f  th e  l e a f  as th e y  mature ( f i g  1 4 4 ) .
( i v )  The g r o u n d - t is s u e .
The a u x e s is  t h a t  ta k e s  p la c e  in  th e  c e n tr a l  ground- 
t i s s u e  from th e  b a se  o f  th e  grow ing zone to  th e  m ature upper 
p a r t  o f  th e  le a f - l im b  i s  co n sp icu o u s in  th e  h a lf-g ro w n  l e a f .  
Com parison o f  f i g s  143 and 145 shows th a t  th e r e  has b een  a 
l i n e a r  in c r e a s e  p a r a l l e l  to  th e  lo n g  a x is  o f  th e  l e a f  e q u iv a le n t  
t o  t e n  t im e s  th e  le n g th  o f  th e  c e l l s  in  th e  s to r a g e  r e g io n .
As a lrea d y  s t a t e d  th e  le a f - l im b  o f  th e  h a lf-g r o w n  l e a f  i s  s i x  
t im e s  th e  le n g th  o f  th e  le a f - l im b  o f  th e  dormant l e a f .  Thus 
i t  i s  o b v io u s th a t  th e  c e n tr a l  t i s s u e s  can keep pace w ith  th e  
e lo n g a t io n  o f  th e  l e a f  by a u x e s is  o f  th e  in d iv id u a l  c e l l s  th a t  
composed th e  dormant l e a f .  In p a ss in g  from  th e  b a se  to  th e  
u p p er p a r t o f  th e  grow ing zone s ta r c h  g r a d u a lly  d isa p p e a rs  in  th e  
c e l l s  o f  t h i s  t i s s u e .
The mature a p ic a l  p o r t io n  o f  th e  l e a f - l im b .
( i )  The e p id e r m is .
The e lo n g a te d  ep id erm al c e l l s  have r e g u la r  w a l l s .  The 
o u te r  w a lls  are s t r o n g ly  th ic k e n e d .
( i i )  The p a l i s a d e .
Comparison o f  f i g s  I 3 8  and 14% show th e  g r e a t  e x te n t  o f  
a u x e s is  o f  th e  m er is te m a tic  c e l l s  th a t  ta k e s  p la c e  in  th e  
fo rm a tio n  o f  th e  mature p a lis a d e  c e l l s .  The in d iv id u a l c e l l s  
may b e e lo n g a te d  p a r a l l e l  to  th e  lo n g  a x is  o f  th e  l e a f  ( f i g  147) 
w ith  la r g e  a i r  sp a ces  b etw een  them , or have t h e i r  g r e a t e s t  e lo n g ­
a t io n  a t  r ig h t  a n g le s  t o  th e  l e a f  s u r fa c e . T his i s  a ls o  seen  in  
th e  p a lis a d e  c e l l s  o f  s im i la r  p o r t io n s  o f  th e  le a f - l im b  o f  
N. E lv ir a  ( f i g  149)# F re q u en tly  th e  p a l is a d e  c e l l s  are o b liq u e  
w ith  r e s p e c t  t o  th e  ep id erm is  ( f i g  I 4 8 ) in s te a d  o f  a t  r ig h t  
a n g le s .  S im ila r  p a l is a d e  i s  d e sc r ib e d  by Meyer (1 9 2 3 ) in  Das 
T ro p isch e  Parenchym p ages 7 and 8 .
( i i i )  The g r o u n d - t is s u e .
The c e l l  la y e r s  b en ea th  th e  p a lis a d e  c o n s is t  o f  r e c t ­
a n g u la r  c e l l s  e lo n g a te d  p a r a l l e l  to  th e  lo n g  a x is  o f  th e  l e a f  
as se e n  in  lo n g i t u d in a l  s e c t io n .  In tr a n s v e r s e  s e c t io n  la r g e  
a i r  sp a ces a re  seen  b etw een  th e  in d iv id u a l  c e l l s .  Many o f  th e  
th in -w a l le d  c e l l s  o f  t h i s  c e n tr a l  t i s s u e  c o l la p s e  ( f i g  I 4 6 ) w hich
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r e s u l t s  in  th e  r e d u c t io n  in  t h ic k n e s s  o f  th e  l e a f .  No s ta r c h  
i s  p r e se n t  anywhere in  th e  g r o u n d -t is s u e  a t  t h i s  l e v e l .
The v a s c u la r  sy stem .
In th e  le a f - b a s e  th e  v a s c u la r  system  i s  s im i la r  in  th e  
h a lf-g ro w n  l e a f  to  th a t  o f  th e  dormant l e a f ,  th a t  i s ,  th e  sm a ll 
and la r g e  b u n d les  a l l  have l i g n i f  ie d  xylem  b u t th e  phloem  i s  n o t  
d i f f e r e n t i a t e d  ( f i g  1 5 0 ) .  U n d if f e r e n t ia t e d  tr a n s v e r s e  comm­
is s u r e s  co n n ect th e  phloem  o f  th e  in d iv id u a l  b u n d le s . The xylem  
i s  e x t e n s iv e  as i s  shown f o r  th e  bundle i l l u s t r a t e d  in  f i g  I 5 0 .
P a s s in g  in to  th e  e x te n d in g  zone th e  amount o f  xylem  becom es 
reduced  ( f i g  151 ) b u t th e  phloem i s  f u l l y  d i f f e r e n t i a t e d .  The 
t r a c h e id s  h ave a l i n e a r  arrangem ent as se e n  in  t r a n s v e r s e  s e c t ­
io n  in  c o n tr a s t  to  th e  xylem  o f  th e  b u n d les in  th e  le a f - b a s e ,  
and m ature l e a f - l im b .  The t r a c h e id s  have an nu lar or s p ir a l  
th ic k e n in g s  and so are  ca p a b le  o f  e x te n s io n  and a t  th e  same t  ime 
o f  co n d u ctin g  w ater to  th e  mature l e a f - l im b .  The e x t e n t  o f  
l i g n i f i e d  t i s s u e  in  th e  grow ing zone o f  th e  h a lf-g ro w n  l e a f  i s  
much g r e a te r  th an  in  th e  dormant l e a f  (com pare f i g s  I 5 I  & 1 3 3 ) 
e n a b lin g  a more e f f i c i e n t  su pp ly  o f  w ater to  th e  much g r e a te r  
e x t e n t  o f  m ature l e a f - l im b .
P a ss in g  ou t o f  th e  grow ing zone th e  amount o f  xylem  in  
th e  v a s c u la r  b u n d les in c r e a s e s .  The tra ch e id s  th a t  a re  th e  l a s t  
to  be formed d i f f e r  in  c h a r a c te r  ( f i g  152) b e in g  sm a lle r  in  
c r o s s  s e c t io n  and h ex a g o n a l in  form (Arber 1925 p . 8 1 ) .  
Accompanying t h i s  i s  th e  developm ent o f  a c e r t a in  amount o f  
secon d ary  phloem .
S im ila r  changes in  th e  v a s c u la r  b u n d les  from th e  l e a f -  
b a se  t o  th e  l e a f  t i p  a r e  found in  h a lf-g ro w n  le a v e s  o f  N a rc issu s  
E l v i r a . In th e  l e a f - b a s e  th e r e  i s  a e lo n g a te d  taass o f  xylem  
as s e e n  in  t r a n s v e r s e  s e c t io n  ( f i g  155) # P a ss in g  in t o  th e  b a se  
o f  th e  l e a f - l im b  o n ly  p a r t  o f  t h e  xylem  i s  l i g n i f i e d ,  a t  l e a s t  
h a l f  o f  th e  xylem  c o n s i s t in g  o f  s h o r t  t r a c h e id s  w ith  some c e l l  
c o n te n ts  and n o rm a l" n u cle i ( f i g  1 5 6 ) .  T here i s  no s ig n  o f  
developm ent o f  secon d ary  t r a c h e id s  a t  t h i s  l e v e l .  In  th e  upper  
p a r t  o f  th e  grow ing zone a l l  th e  m etaxylem  tr a c h e id s  become 
l i g n i f i e d  and sm all secon dary  t r a c h e id s  are formed as in  N. 
p o e t ic u s  ( f i g  1 5 7 ) .
In th e  mature upper p a rt o f  th e  le a f - l im b  th e r e  i s  a 
s e r i e s  o f  sm a ll in v e r te d  b u n d les b en ea th  th e  a d a x ia l s u r fa c e ,  
t h e s e  are  f u l l y  d i f f e r e n t i a t e d  ( f i g  1 5 4 ) . As th e s e  bundles  
p a ss  in to  th e  grow ing zone o n ly  one or two tr a c lfe l  e lem en ts a re  
l i g n i f i e d ,  and th e  phloem  i s  u n d if f e r e n t ia t e d  ( f i g  153) • The 
in v e r te d  b u n d les  p a ss in to  th e  upper p a rt o f  th e  le a f - b a s e  where 
th e y  d ie  ou t in  th e  g e n e r a l  m eso p h y ll. T h ese in v e r te d  b u n d les  
are co n n ected  w ith  th e  normal sy stem  by tr a n s v e r s e  com m issures 
w hich  are w ith o u t l i g n i f i e d  t r a c h e id s  in  th e  b ase  o f  th e  l e a f -  
l im b . Thus th e  in v e r te d  bundle system  can n ot be con cern ed  in  
th e  co n d u ctio n  o f  w a ter  from th e  stem  through out th e  l e a f  and
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so  p robably  fu n c t io n s  a s a w ater r e s e v o ir  a t  l e a s t  u n t i l  the  
l e a f  i s  f u l l y  grown.
In th e  mature upper p a rt o f  the l e a f - l im b  th e  two v a s c u la r  
sy stem s are co n n ected  by tr a n s v e r s e  com m issures c o n ta in in g  
l i g n i f i e d  t r a c h e id s ,  in  c o n tr a s t  to  the immature c o n n e c t io n s  in  
in  th e  grow ing zone and th e  l e a f - b a s e .
SECTION 4 . THE mTURE LEAF.
The m e r is te m a tic  a c t i v i t y  in  th e  b a se  o f  th e  le a f - l im b  o f  
th e  h a lf-g ro w n  l e a f  i s  c o n s id e r a b le  but oubaoquont in  su bseq uent  
grow th  t h i s  a c t i v i t y  d e c l in e s  and f i n a l l y  c e a s e s  b e in g  r e p la c e d  
in  th e  l a s t  s t a g e s  o f  grow th  by exp an sion  o f  th e  t i s s u e s  a t  th e  
b a se  o f  th e  l e a f - l im b .  The le a v e s  f i n a l l y  reach  a le n g th  o f  
about 350 mms., th a t  i s ,  t e n  t im e s  th e  le n g th  o f  th e  dormant 
l e a f .  The le a f - b a s e  h as th en  reach ed  a le n g th  o f  th r e e  tim es  
t h a t  o f  th e  dormant l e a f  (compare f i g s  109 & 158) and th e  l e a f -  
lim b  tw e lv e  and a h a l f  t im es  th e  le n g th  o f  th a t  o f  th e  dormant 
l e a f .
N. E lv ir a  d i f f e r s  from N. p o e t ic u s  in  th a t  th e  le a f - b a s e  
d o es n ot in c r e a s e  g r e a t ly  in  le n g th  u n t i l  th e  le a f - l im b  b eg in s  
to  w ith e r  and th e  b a se  i s  about to  form a b u lb  s c a le .  Thus when 
th e  l e a f  i s  f u l l y  m ature th e  b a se  i s  o n ly  one and a h a l f  tim es  
t h a t  o f  th e  dormant l e a f  w h ile  th e  le a f - l im b  i s  about t h ir t e e n  
and a q u a r ter  tim es t h a t  o f  th e  dormant l e a f .
A ll  th e  le a v e s  so  f a r  d e s c r ib e d  were th e  o u ter  le a v e s  o f  
th e  s h o o t . The b a se s  o f  th e  in n e r  le a v e s  are p r o g r e s s iv e ly  
s m a lle r  as s e e n  in  f i g s  159 to  1 6 1 . The c r e sc e n t-sh a p e d  r id g e  
o f  t i s s u e  o f  th e  o u te r  l e a f  rea ch es  a f i n a l  le n g th  o f  12 mms.
( f i g  1 5 8 ) w h ile  in  th e  c a s e  o f  th e  second l e a f  i t  o n ly  reach es  
4 mms. in  le n g t h .  In  th e  th ir d  l e a f  i t  i s  a b sen t, th e  apex o f  
th e  sh e a th in g  p o r t io n  b e in g  co n c a v e . The innerm ost l e a f  i s  non­
s h e a th in g , h a v in g  o n ly  a r id g e  o f  t i s s u e  a lo n g  e i t h e r  margin  
( f i g  1 6 1 ) .  The t i s s u e s  o f  th e  mature l e a f  need no se p a r a te  
d e s c r ip t io n  as th ey  have a lrea d y  b ^ " d escr ib ed  in  d e a lin g  w ith  th e  
m ature p o r t io n s  o f  th e  h a lf-g r o w n  l e a f .
A p o r t io n  o f  th e  p e r ip h e r a l t i s s u e s  i s  shown in  tr a n s v e r s e  
s e c t io n  in  f i g  162 . The ep id erm al c e l l s  have very  th ic k  in n e r  
and o u te r  w a l l s .  The stom ata  a re  s im ila r  in  s tr u c tu r e  to  th o s e  
o f  Haemanthus c o c c in e u s  d e sc r ib e d  in  P art I p .8 . The p a lis a d e  
i s  s im i la r ly  d ev e lo p ed  a l l  round th e  le a f - l im b  c o n s is t in g  o f  a 
s i n g l e  la y e r  o f  e lo n g a te d  c e l l s .  At th e apex o f  th e  l e a f  th e  
m esop h y ll c e l l s  are nob so  la r g e  as in  th e  r e s t  o f  th e  le a f - l im b  
and th e  p a l is a d e  la y e r  i s  not c l e a r l y  d i f f e r e n t ia t e d  from th e  
two s u b -p a lis a d e  la y e r s .  The c e n t r a l  m esop h yll i s  sm a ll in  
amount and n o t d is tu r b e d  o r  com pressed  as in  th e  r e s t  o f  th e  
l e a f - l im b .  L arge v a s c u la r  b u n d les  occur mid-way b etw een  th e
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u p p er and low er ep id erm is  as sedn  in  tr a n s v e r s e  s e c t io n ,  o f  th e s e  
th e  median one i s  th e  m ost pro m inant ( f i g  1 6 4 / .  Somewhat n ea rer  
th e  a b a x ia l su r fa c e  are sm a lle r  b u n d le s , w h ile  b en ea th  the  
a d a x ia l  su r fa c e  are sm a ll b u n d les showing in v e r te d  o r ie n t a t io n .
In  a l l  th e se  b u n d les th e  xylem  i s  w e l l  d i f f e r e n t i a t e d  and seco n d ­
ary  tr a c h e id s  are p r e s e n t  which are sm a lle r  in  d ia m eter  than th e  
prim ary o n e s .  The phloem  c o n s i s t s  o f  s ie v e - t u b e s  and companion  
c e l l s ,  b o th  o f  which have th ic k  c e l l u l o s e  w a l l s  ( f i g  1 6 4 ) . Each  
b un dle has a co n sp icu o u s s ta r c h  sh e a th . A reschoug (1 8 7 3 -8 )  
g iv e s  a d e t a i l e d  d e s c r ip t io n  o f  th e  mature l e a f  o f  N. p o e t ic u s  in  
h i s  "Ofver B la d e ts  Anatom i". T h is account i s  i l l u s t r a t e d  by  
e le v e n  t e x t  f ig u r e s .
SECTION 5 . COMPARISON OF THE GROWTH OF LEAVES OF NARCISSUS 
WITH THOSE OF GALANTHUS NIVALIS,L. AND 
' ZEPHYRANTHES CANDIDA, HERB.
G alanthus n i v a l i s  and Z ephyranthes Candida resem ble  
N a r c is su s  p o e t ic u s  in  t h a t  th e  in c r e a s e  in  le n g th  o f  th e  l e a f -  
lim b  from th e  r e s t in g  s ta g e  to  m a tu r ity  i s  due to  th e  a c t i v i t y  
o f  t i s s u e s  a t  th e  b a se  o f  th e  l e a f - l im b .  T h is i s  made p o s s ib le  
by th e  p r o t e c t io n  o f  th e  immature t i s s u e s  by the bulb  s c a l e s ,  
o n ly  th e  f u l l y  mature upper p a r ts  o f  the le a f - l im b s  em erging from  
th e  b u lb , and ap p earin g  above ground. As in  N a rc issu s  the  
grow ing zone c o n s i s t s  o f  a r e l a t i v e l y  sm a ll p o r t io n  a t  the b a se  
w here th e  p e r ip h e r a l t i s s u e s  are m e r is te m a tic , fo llo w e d  by an 
e x t e n s iv e  zone o f  a u x e s is ,  where th e  c e l l s  reach  t h e i r  f u l l  s i z e .  
The c e n t r a l  ground t i s s u e  keeps p ace w ith  th e  p e r ip h e r a l t i s s u e s  
by a u x e s is  o f  th e  c e l l s  l a i d  down in  the dormant l e a f ,  w ith  th e  
r e s u l t  th a t  th e  c e l l s  o f  t h i s  t i s s u e  are la r g e  in  th e  mature l e a f ,  
As in  N a r c is su s  the grow ing zon es have no c l e a r l y  marked l i m i t s .  
A bove, i t  fa d e s  ou t as th e  mature t i s s u e s  o f  the l e a f - l im b  become 
e s t a b l is h e d  and b elow , i t  d ie s  o u t in  the upper p a rt o f  the l e a f -  
b a s e .  In Z ephyranthes Candida a d a x ia l in v e r te d  b u n d les are p r e s ­
e n t  as in  N a r c is s u s , b u t th ey  are ab sen t in  G alanthus n i v a l i s .
The ch an ges th a t  tak e p la c e  in  the v a sc u la r  b u n d les in  
p a s s in g  th r o u g h ' the grow ing zone are s im ila r  in  Zephyranthes 
C andida ( f i g s  323 to  3 2 5 ) ,  and G alanthus n i v a l i s  to  th o se  
d e s c r ib e d  fo r  N a r c is s u s . In  th e  g r e a te r  p a r t  o f  the le a f - b a s e  
th e  xylem  i s  l i g n i f i e d ,  b ut tow ards the upper end th e  l a s t  formed  
m etaxylem  tr a c h e id s  are u n l i g n i f i e d .  In th e  grow ing zone o f  a 
l e a f  a few in c h e s  in  le n g t h ,  o n ly  th e  p rotoxy lem  e lem en ts  are  
l i g n i f i e d ,  th e  m etaxylem  c o n s is t in g  o f  la r g e  c e l l s  w ith  th in  
c e l l u l o s e  w a l l s  and c o n s id e r a b le  c e l l  c o n te n t s .
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As th e  mature t i s s u e s  o f  th e  l e a f - l im b  are reach ed  th e  meta­
xy lem  becom es l i g n i f i e d  and th e  v a s c u la r  b u n d les  are found to  
b e f u l l y  m ature through out th e  r e s t  o f  th e  l e a f - l im b .  During 
grow th  th e  xy lem  in  th e  grow ing zone g r a d u a lly  becom es l i g ­
n i f i e d .
The grow th o f  le a v e s  o f  B r u n sv ig ia  g ig a n te a  i s  e n t i r e ly  
c o n fin e d  t o  th e  b a se  o f  th e  l e a f - l im b  as was found by marking 
young le a v e s  and m easuring a t  fr e q u e n t  in t e r v a l s .  The mode o f  
grow th  i s  p rob ab ly  v e r y  s im ila r  to  th a t  d e s c r ib e d  f o r  N a r c issu s  
p o e t ic u s .
SECTION 6 .  ANATOMY AND GROWTH OF THE SCALE LEAF
AND COMPARISON WITH HAEMANTHUS ALBIFLOS.
The o u te r  th r e e  o r  fo u r  members o f  th e  sh oot o f  
N a r c is su s  p o e t ic u s  are s c a le  l e a v e s ,  each  o f  which c o n s i s t s  o f  
a f la s k -s h a p e d  b a se  th e  low er p a r t o f  w hich rem ains e n c lo se d  
in  th e  bu lb  and c o n ta in s  abundant s to r a g e  s ta r c h  w h ile  the  
u p p er p art appears above ground and i s  found sh ea th in g  th e  b a se s  
o f  th e  f o l i a g e  l e a v e s .  In  th e  m ature s c a le  th e  l e a f - l im b  
rudim ent i s  in d ic a te d  b y  th e  con vex  form o f  th e  upper p a rt and 
th e  cu rv a tu re  o f  th e  main v e in s  tow ards th e  c e n tr e  as shown in  
f i g  1 7 0  f o r  N. E lv ir a .  The upper p art o f  th e  s c a le  h as some 
c h lo r o p h y ll  lo c a te d  m ain ly  in  th e  m esophyll above th e  main 
v e in s  and in  ap p rox im ation  to  th e  stom ata w hich r e s u l t s  in  th e  
p o s i t io n  o f  th e  stom ata b e in g  v i s  a b le  w ith  th e  naked ey e  as 
g r e e n  d o t s .
At th e  end o f  th e  sea so n  th e  le a f - l im b s  o f  th e  f o l ia g e  
l e a v e s  and th e  upper p a r t s  o f  th e  s c a le  le a v e s  become cu t o f f  
by a b s c is s  l a y e r s . .  The p o r t io n s  thu s c u t  o f f  w ith e r , but do 
n o t se p a r a te  c le a n ly  from  th e  l i v i n g  t i s s u e s  o f  th e  le a f - b a s e ,  
p ie c e s  o f  d r ie d  t i s s u e  rem ain ing a tta c h e d  ( f i g  1 7 1 ) . U su a lly  
s e v e r a l  a b s c is s  la y e r s  a re  formed one below  th e  o th e r  so  t h a t  
o n ly  th e  lo w er  p art o f  th e  b a se  o f  each  member forms a b u lb  
s c a l e .  A b s c is s  la y e r s  w ith  cork  fo rm a tio n  were d e sc r ib e d  by  
P a rk in  1898 f o r  Nar c i s s u s  p s e u d o -n a r c is s u s , and N. p o e t ic u s  
a ls o  f o r  G alanthus n i v a l i s  and two s p e c ie s  o f  Leucojum.
In Haemanthus a l b i f l o s , J a cq . o n ly  f o l ia g e  le a v e s  are  
p r e s e n t .  Each se a so n  two f o l ia g e  le a v e s  a re  produced ( f i g  173 
a & b ) .  At th e  end o f  th e  se a so n  th e  le a f - l im b s  are cu t o f f  
b y  a b s c is s  la y e r s  ( f i g s  174 & 175) and th e  l e a f  b a se s  form in n e r  
b u lb  s c a l e s ,  w hich  c o n ta in  abundant s to r a g e  s ta r c h  ( f i g  1 7 3  
c  & d ) . Towards th e  end o f  th e  second  se a so n , a secon d  a b s c is s  
la y e r  i s  form ed low er down in  t h e s e  s c a l e s ,  and i s  c i r c u la r  in  
c o n tr a s t  to  th e  form er. A fte r  th e  upper p o r t io n  o f  th e  s c a le  
h a s f a l l e n  away a c i r c u la r  sc a r  i s  l e f t .  The s c a le  th e n  form s 
an o u te r  b u lb  s c a le  in  th e  th ir d  sea so n  ( f i g  1 7 3  e & f ) .
S ta r ch  q u ic k ly  d isa p p e a rs  from i t s  t i s s u e s  and tow ards th e  end
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o f  t h a t  se a so n  i t  b e g in s  to  w ith e r . F in a l ly  in  th e  fo u r th  
se a so n  i t  becom es brown and membraneous q u ic k ly  f a l l i n g  away from  
th e  b u lb  ( f i g  173 g ) .
In  N a r c is su s  th e  b a se s  o f  th e  s c a le s  and f o l ia g e  le a v e s  
o f  th e  p r ev io u s  sea so n  form th e  c h ie f  bu lb  s c a le  members fbr th e  
c u r r e n t  se a so n  when th e y  c o n ta in  abundant s ta r c h . In  th e  
fo l lo w in g  se a so n  th ey  a re  found tow ards th e  o u ts id e  o f  th e  b u lb  
and co n ta in  v e r y  l i t t l e  s ta r c h . In  th e  fo u r th  se a so n  th e y  b e ­
come brown membraneous s c a le s  and soon f a l l  away form th e  b u lb .
The developm ent o f  th e  s c a le  l e a f .
I f  a b u lb  i s  exam ined when th e  to p s  o f  th e  f o l i a g e  le a v e s  
have s ta r t e d  to  w ith e r  th e  v e g e t a t iv e  bud t h a t  w i l l  form n ex t  
y e a r ' s  sh o o t w i l l  be found to  be about 18 mms. lo n g  ( f i g  1 6 6 ) .
The co n sp icu o u s o u ter  members o f  th e  bud are s c a le  l e a v e s ,  th e  
in nerm ost e n c lo s e s  a hump o f  t i s s u e  about 2 mms. in  le n g th  th a t  
w i l l  g iv e  r i s e  to  th e  f o l ia g e  l e a v e s .  The o u te r  s c a l e  l e a f  o f  
th e  bud exam ined c o n s is t e d  o f  a f la s h -s h a p e d  b a se  11 mms. in  
le n g t h ,  and a rudim entary le a f - l im b  7 mms. in  le n g th . L a ter , 
developm ent ta k e s  p la c e  in  th e  b a s e ,  so th a t  when th e  s c a le  has  
reach ed  i t s  g r e a t e s t  s i z e  th e  rudim entary le a f - l im b  can  on ly  be 
r e c o g n iz e d  by th e  shape o f  th e  a p ex .
The young s c a l e  l e a f  p r io r  to  th e  r e s t in g  b u lb  s t a g e .
( i )  The e p id e r m is .
The ep id erm is c o n s i s t s  o f  r e c ta n g u la r  c e l l s  e lo n g a te d  
p a r a l l e l  t o  th e  lo n g  a x is  o f  th e  s c a le  as s e e n  in  su r fa c e  v ie w .
In th e  ep id erm is  o f  th e  upper p a r t o f  t h e  s c a le  f u l l y  formed 
stom ata  are p r e se n t  ( f i g  167)#
( i i )  The g r o u n d - t is s u e .
The g r o u n d -t is s u e  c o n s i s t s  o f  sm all rounded c e l l s  w ith  
la r g e  a i r  sp a c e s  b etw een  them. These c e l l s  are d e n s e ly  packed  
w ith  s to ra g e  s ta r c h  ( f i g  1 6 8 ) . During th e  grow ing season  th e  
c e l l s  expand and th e  s ta r c h  becom es used  u p . This i s  l a t e r  r e ­
p la c e d  when p r e p a r a t io n s  are made f o r  th e  form ation  o f  a bulb  
s c a l e .  F ig  169 shows c e l l s  o f  th e  s c a le  b a se  when th e  apex h as  
s t a r t e d  to  w ith e r  and h ere  th e  in d iv id u a l  c e l l s  and s ta r c h  g r a in s  
a re much la r g e r  than th o s e  o f  th e  immature s c a le  l e a f .
( i i i )  The v a s c u la r  sy stem .
Only n orm ally  o r ie n ta te d  b u n d les are  p resen t in  th e  s c a le  
l e a f .  No in v e r te d  b u n d les  are e v e r  found in  th e  s c a le  le a v e s  a t  
any s ta g e  o f  d evelop m en t. A v a s c u la r  b u n d le  w ith  l i g n i f i e d  
t r a c h e id s  from a young s c a le  l e a f  i s  shown in  f i g  1 7 2 .
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S U M M A R Y
I .  The grow th o f  le a v e s  o f  N a r c issu s  p o e t lc u s , L . I s  
d e s c r ib e d , and compared w ith  th e  grow th  o f  th o s e  o f  
N. E l v i r a .
I I .  A b r i e f  d e s c r ip t io n  i s  g iv e n  o f  th e  l e a f  p r io r  to  th e  
r e s t in g  s ta g e  f o r  N a r c is su s  bu lbocod ium , L. v a r . c i t r in u s  
Bak. and Haemanthus a l b i f l o s , Jacq .
I I I . A d e t a i l e d  d e s c r ip t io n  i s  g iv e n  o f  th e  dormant l e a f  o f
N a r c is su s  p o e t i c u s . The l e a f  c o n s i s t s  o f  a c o m p le te ly
sh e a th in g  l e a f - b a s e ,  a grow ing zone a t  th e  b a se  o f  th e
le a f - l im b ,  and th e  mature a p ic a l  p o r t io n  o f  th e  l e a f - l im b .
IV. The le a f - b a s e  o f  th e  dormant l e a f  c o n s i s t s  o f  an 
ep id erm is  o f  e lo n g a te d  c e l l s ,  w hich do n ot d iv id e  but 
undergo a u x e s is ,  and m eso p h y ll t i s s u e  o f  sm a ll c e l l s  co n ­
t a in in g  abundant s to r a g e  s ta r c h .
V. In  th e  upper p a r t  o f  th e  le a f - b a s e  th e r e  I s  a grad u al
change to  th e  immature grow ing zone a t  th e  b a se  o f  th e
le a f - l im b ,  where th e  fo l lo w in g  r e g io n s  can be d i s ­
t in g u is h e d .
( i )  The ep id erm is  i s  m e r is te m a tic  a t  th e  b a se  o f  th e
grow ing zo n e , b u t in  th e  upper p art o f  t h i s  zone  
a u x e s is  o f  th e  c e l l s  i s  dom inant. Stom atsil i n i t ­
i a l s  are  formed in  th e  m e r is te m a tic  p o r t io n , and 
th e s e  d iv id e  to  form two g u a r d - c e l l s .
( i i )  The su b -ep id erm a l la y e r  i s  m er istem a tic  a t  th e
b a se  o f  th e  grow ing zone and th e  p a lis a d e  c e l l s  
a re  form ed w ith  undergo e x te n s iv e  a u x e s is  a t  a 
h ig h e r  l e v e l .
( i i i )  The two s u b -p a lis a d e  la y e r s  show l e s s  m er is te m a tic
a c t i v i t y  th an  th e  p a lis a d e  la y e r .
( iv )  The g e n e r a l ground t i s s u e  a t  th e  b ase o f  th e  grow­
in g  zone i s  s im i la r  to  th a t  o f  th e  l e a f - b a s e ,  th a t  
i s ,  th e  c e l l s  a re  sm a ll and c o n ta in  abundant s ta r c h ,  
and a re  n o t m e r is te m a t ic . At a h ig h e r  l e v e l  th e  
c e l l s  o f  t h i s  t i s s u e  undergo e x te n s iv e  a u x e s is  to  
keep  pace w ith  th e  combined m e r is te m a tic  and 
a u x e s is  a c t i v i t y  o f  th e  p e r ip h e r a l t i s s u e s .  The 
c e n tr a l  ground t i s s u e  shows no m er iste m a tic  a c t ­
i v i t y  in  any p a rt o f  th e  l e a f ,  from th e  s ta g e  o f  
th e  dormant l e a f .
V I. A sm a ll p o r t io n  o f  th e  apex o f  th e  dormant l e a f  i s  
m ature, and h ere  th e  ep id er m is  has th ick en ed  o u te r  w a l ls  
and sunk stom ata o f  th e  t y p ic a l  m onocotyledonous ty p e .
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The p a l is a d e  i s  f u l l y  d i f f e r e n t i a t e d ,  b u t th e  in d iv id u a l  
c e l l s  a re  sm a ll owing to  th e  rounding o f  th e  apex o f  th e  
l e a f .  The c e n t r a l  ground t i s s u e  c o n s i s t s  o f  f u l l y  
d ev e lo p e d  c e l l s  w hich c o n ta in  a few  v e r y  sm a ll s ta r c h  
g r a in s .
V I I . In  th e  l e a f  b a s e ,  and th e  apex o f  th e  le a f - l im b  o f  th e
dormant l e a f  th e  xylem  in  th e  v a s c u la r  b u n d les i s  f u l l y  
l i g n i f i e d .  In  th e  grow ing zone a t  th e  b a se  o f  th e  l e a f -  
lim b  o n ly  th e  p rotoxy lem  i s  l i g n i f i e d  and c a p a b le  o f  con ­
d u c tin g  w ater , th e  m etaxylem  c o n s i s t in g  o f  immature 
t r a c h e id s  w ith  t h in  w a lls  and c o n s id e r a b le  c e l l  c o n te n ts .
V I I I . The in v e r te d  bun d le sy stem  c o n s i s t s  o f  s tr a n d s  o f  
procambium e x c e p t  a t  th e  apex o f  th e  dormant l e a f  where 
d i f f e r e n t i a t i o n  ta k e s  p la c e .  The tr a n s v e r s e  com m issures 
are u n d i f f e r e n t ia t e d  in  th e  l e a f - b a s e  and grow ing zon e,
IX. The h a lf-g ro w n  l e a f  shows th e  same r e g io n s  as th e  
dormant, l e a f  w ith  th e  f o l lo w in g  d i f f e r e n c e s  : -
( i )  The e x t e n t  o f  m ature le a f - l im b  i s  much g r e a te r ,
and th e  r a te  o f  t r a n s p ir a t io n  has in c r e a s e d .
( i i )  The m e r is te m a tic  a c t i v i t y  o f  th e  p e r ip h e r a l  
t i s s u e s  in  th e . grow ing zone i s  not so  g r e a t .
( i i i )  In  th e  grow ing zone th e  v a s c u la r  b u n d les  have  
more l i g n i f i e d  t i s s u e  to  su p p ly  th e  g r e a te r  e x te n t  
o f  m ature l e a f - l im b .
( iv )  In  th e  in t e r c a la r y  p o r t io n s  o f  th e  le a f - l im b ,  
added a f t e r  th e  dormant l e a f  s t a g e ,  secon d ary  
xylem  and phloem i s  p r e se n t  in  th e  v a s c u la r  
b u n d le s . The seco n d a ry  xylem  tr a c h e id s  are  
sm a lle r  th a n  th o s e  o f  th e  prim ary.
X. A b r i e f  d e s c r ip t io n  i s  g iv e n  o f  th e  mature l e a f .
X I. S im ila r  grow ing zo n es , adding in t e r c a la r y  p o r t io n s  to  
the l e a f - l im b s ,  are found in  th e  le a v e s  o f  Z ephyranthes  
Candida and G alanthus n i v a l i s .
X I I . The anatomy o f  th e  young and m ature s c a le  le a v e s  i s  
d e s c r ib e d  and compared w ith  th e  s c a le  le a v e s  (= b a se s  o f  
f o l i a g e  le a v e s )  o f  Haemanthus a l b i f l o s . The s c a le  l e a f  
c o n s i s t s  o f  a l e a f - b a s e  w ith  a t in y  le a f - l im b  rudim ent.
The c e l l s  o f  th e  m esop h yll o f  th e  le a f - b a s e  c o n ta in  
abundant s ta r c h  g r a in s , w hich  become v ery  la r g e  in  the  
m ature s c a le  l e a f .
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DESCRIPTION OF FIGURES.
F i g s .1 0 9 -1 3 4 . The Dormant L e a f .
( f i g u r e s  u n le s s  o th e r w ise  s t a t e d  are o f  N a rc issu s  p o e t ic u s , ! .  
th rou gh ou t th e  w hole s e c t i o n ) .
F i g . 1 0 9 -1 1 1 . Shoot from a r e s t in g  bulb  in  th r e e  d i f f e r e n t  v ie w s .  
N a tu ra l s i z e .  F ig s .  1 1 2 -1 2 4 . S tr u c tu r e  o f  th e  l e a f ,  x  680.
F ig s  112 , 113, 115, 117 , 119, 121 , 123 are o f  s u c c e s s iv e  p ie c e s  o f  
th e  a b a x ia l ep id erm is a t  th e  b a se , and a t 5 , 10 , 13 , 15, 20, and 
25 mms. r e s p e c t iv e ly  from th e  b ase o f  th e  s h o o t . F ig s  114, 116,
118, 120 , 122, 124, are o f  s u c c e s s iv e  lo n g it u d in a l  s e c t io n s  a t  
5 , 10 , 13 , 15 , 20, and 25 mms. resp  e c t i v e l y  from th e  base o f  th e  
l e a f .  F ig s  125-127  are o f  th e  c e n t r a l  m esop h yll a t 5, 15, and 
25 mms. r e s p e c t iv e ly  from th e  base o f  th e  l e a f ,  x  155 . F ig s  128-  
129 The in v e r te d  b u n d le , x  680. 128 . In v er te d  bundle w ith  t r a n s ­
v e r s e  com m issure c o n n ec tin g  a n oth er  in v e r te d  bundle and a n orm ally  
o r ie n ta te d  on e. 1 2 9 . U n d if fe r e n t ia te d  in v e r te d  bundle a t 9 mms. 
from th e  b a se . 130 . Media n v a s c u la r  bundle a t  25 mms. from th e
b a s e . X 680. 131 . T ran sverse  s e c t io n  o f  base o f  s h o o t , x  1 4 .
1 3 2 . Median v a s c u la r  bundle a t 5 mms. from th e  b a se , x  680. 1 34 .
M edian v a s c u la r  bundle a t  10 mms. from th e  b a se , x  680.
F ig s  1 3 5 -1 5 7 . The Half-G rown L e a f .
F ig s  1 3 5 -1 4 1 . X 680. 135 . T ran sverse  s e c t io n  a t 10 mms. from th e
b a s e . 1 3 6 -1 3 7 . L o n g itu d in a l s e c t io n s  a t 13 and 15 mms r e s p e c t iv e ­
l y  from th e  b a se . 1 3 8 -1 3 9 . L o n g itu d in a l s e c t io n s  a t 20 mms. from  
th e  ba se  fo r  th e  a b a x ia l  and a d a x ia l s u r fa c e s  r e s p e c t iv e ly .  1 40 . 
L o n g itu d in a l s e c t io n  a t  80 mms from th e  b a se . F ig s  142-146  are  
o f  s u c c e s s iv e  p ie c e s  o f  th e  c e n tr a l  m esop h yll a t 5, 20, 30, 80 , and 
160 mms r e s p e c t iv e ly  from th e  base o f  th e  l e a f .  F ig  147 . Long­
i t u d in a l  s e c t io n  a t 160 mms. from th e  base o f  th e  l e a f ,  x 680.
F ig s .  1 4 8 -1 4 9 . N a r c is su s  E lv ir a .  L o n g itu d in a l s e c t io n s  a t 50 mms. 
from th e  b ase o f  th e  l e a f ,  x 680.
F i g s .1 5 0 -1 5 4 . F ig s .  1 5 0 -1 5 2  The m edian v a sc u la r  bundle a t th e  b a se , 
1 5 , and 80 mms. r e s p e c t iv e ly  from th e  b a se , x  680. F ig s  1 5 3 -1 5 4 . 
In v e r te d  b u n d les a t  10, and 80 mms. r e s p e c t iv e ly  from th e  b a s e .x 6 8 0 . 
F i g s . 1 5 5 -1 5 7 . N a r c is su s  E lv ir a . The median v a s c u la r  bundle fet 5,
1 0 , and 200 mms. from th e  base o f  th e  l e a f ,  x  680.
F ig s .  1 5 8 -1 6 4 . The Mature L e a f .
F ig s  1 5 8 -1 6 1 . N a tu ra l s i z e .  1 5 8 . Base o f  o u te r  l e a f .  159 . Base o f  
secon d  l e a f . 160 . Base o f  t h ir d  l e a f .  161 . Base o f  innerm ost l e a f .
F ig s .  1 6 2 -1 6 4 . X 680 . 1 6 2 . T ran sverse  s e c t io n  o f  l e a f  a t 200 mms.
from th e  b a se . 1 6 3 . L o n g itu d in a l s e c t io n  a t 200 mms. 164 . Median 
v a s c u la r  bundle a t 200 mms.
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F ig s .  1 6 6 -1 7 5 . The S c a le  L e a f .
1 6 6 . N a r c issu s  E l t i r a . Shoot w ith  s c a le  le a v e s  p r io r  to  th e
r e s t in g  s t a g e ,  18 mms. in  le n g th ,  x E j. 176 . S c a le  l e a f  o f
N. p o e t ic u s  from a r e s t in g  b u lb , n a tu r a l s i z e .  F ig s  167-170  
N. E l v ir a .. 167 . E p iderm is from a -d a x ia l  su r fa c e  o f  rudim entary  
l e a f  lim b , o f  s c a le  l e a f  18 mms. in  le n g th , x 680. 168 . Trans­
v e r s e  s e c t io n  o f  m esop h y ll c e l l s  from s c a le  l e a f  18 mms. in  
le n g t h .  X 680. 1 6 9 . S im ila r  c e l l s  from mature s c a le  when th e
apex has s t a r t e d  to  w ith e r , x 680. 170 . Mature s c a le  spread
o u t ,  show ing v e n a t io n , n a tu r a l s i z e .  171 N a r c issu s  p o e t ic u s  
M ature s c a le  l e a f  when apex has s t a r t e d  to  w ith e r , n a tu r a l s i z e .  
1 7 2 . N a r c is su s  E lv ir a  V ascu lar  bundle from s c a le  l e a f  18 mms. 
lo n g . X 680. F i g s . 1 7 3 -1 7 5 . Haemanthus a l b i f l o s . 173 . Young 
p la n t ,  n a tu r a l s i z e ,  a and b f o l ia g e  le a v e s  o f  cu rren t y e a r , 
c and d in n e r  bulb  s c a l e s ,  e and f  o u te r  bulb s c a l e s ,  g r e ­
m ains 0  f  o ld  bulb  s c a l e s .  F i g s .1 7 4 -1 7 5 . Two v iew s o f  th e
in n e r  bulb  s c a l e .  N a tu ra l s i z e .
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P A R T  III
COMPARATIVE ANATOMÏ OP AMARYLLIDACEOUS LEAVES WITH 
SPECIAL REFERENCE TO THE' INVERTED BUNDLE SYSTEM.
In th e  fo llo w in g  d e s c r ip t io n  o f  the anatom ical s tr u c tu r e  
o f  A m aryllldaceous le a v e s  th e  c l a s s i f i c a t i o n  g iv en  In E n g le r ’s 
Pf 1 anz enfami l i e n  (1930) h as been  u sed . The su b d iv is io n s  o f  
th e fa m ily  a r e : -
( I )  A m aryllIdoIdeae co n ta in in g  55 genera .
( I I )  A gavoldeae co n ta in in g  7  gen era .
( I l l ' )  H ypoxldoldeae co n ta in in g  2 2  g en era .
(Iv ) GampynematoIdeae co n ta in in g  2  gen era .
SECTION I ANATOMY OF THE BIFACIAL 
LEAF.
A ll th e  le a v e s  o f  the p la n ts  b e lo n g in g  to  th e  A m aryllld - 
o ld ea e  and H ypoxldoIdeae are b i f a c i a l  ex cep t th ose  g iv e n  In 
T able IX. The Agavoldeae has o n ly  Doryanthes w ith  b i f a c i a l  
l e a v e s .
( l )  The A m ary llld oId eae.
The A m ary llld o ld eae Is  c h a r a c te r ise d  by bulbous p la n ts  In  
which the r a d ic a l  le a v e s  a r is e  from th e  sh orten ed  stem  a x is ,  and 
are m ostly  d is t ic h o u s .  The l e a f  c o n s is t s  o f  a co m p lete ly  
sh ea th in g  le a f -b a s e  (ex ce p t the Innermost l e a f  b earin g  th e  
f lo w e r  In I t s  a x i l  as In N a r c issu s , ) and a le a f- llm b  o f  sim ple  
o u t l in e .  In a few c a se s  th e  base o f  the le a f - l lm b  narrows 
sudden ly  and becomes p e t lo la r  as In C a lllp h u r la  H artw eglana, Herb, 
( f i g  186) , E ucharls M a s te r s l l . Bak. and Baemanthus K atharlnae, 
Bak. The margin o f  th e  le a f - l lm b  Is  e n t ir e  but may be d i l a t e d  
as In Biphane c l l l a r l s , (L) Herb. The le a v e s  are m ostly  e r e c t  
but are p r o s tr a te  In B ru n sv lg la  g lg a n te a . H e is t ,  and Baemanthus 
r o tu n d lfo l l u s , Cawl. The le a f - l lm b  Is  t y p ic a l ly  b i - f a c i a l  
In s tr u c tu r e  (d o r s lv e n tr a l Goebel 1913 p .2 9 3 ), th a t I s ,  the two 
su r fa c e s  d i f f e r  a n a to m ica lly , th e  c h ie f  a s s im ila t in g  t i s s u e  b e in g  
co n cen tra ted  a t the upper s u r fa c e , and a s in g le  s e r ie s  o f  
p a r a l l e l  v a s c u la r  bundles b ein g  p r e se n t . The on ly  two ex c ep tio n s  
to  t h i s  are N arc issu s and Zephyr ant he s which w i l l  be d escr ib ed  
l a t e r .
The p a lisa d e  I s  n ot w e ll  developed  as I s  c h a r a c te r is t ic  
fo r  m onocotyledons, c o n s is t in g  o f  a s in g le  a d a x la l la y e r  o f  c e l l s
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o f  no g rea t depth as In Haemanthus c o c o ln eu s , L. ( f i g  177 )» 
N erine coru sea  ( -  Kerin© s a m ie n e ls  (L) H erb. v a r . corusca^ and 
O liv ia  n o b l l l s ,  L ln d l. ( f i g . 1 8 1 ) . Haemanthus rotund I f  o l lu g ,
Gawl. I s  e x c e p tio n a l In th a t  th e r e  I s  a w e ll  developed  p a lisa d e  
two c e l l s  deep as shown In f i g  178 . In many le a v e s  a p a lisa d e  
la y e r  I s  n ot developed  as In E u ch arls M a s te r s l l . Bak. The 
p a lisa d e  c e l l s  are fr e q u e n tly  o f  co n sid er a b le  w idth , expanded 
p a r a l le l  to  th e  lon g  a x is  o f  th e  l e a f  as w e ll  as a t  r ig h t  a n g les  
to  I t .  T his r e s u lt s  In  a co n sid era b le  re d u ctio n  o f  w a ll area  
compared w ith  a p a lis a d e  o f  narrow c e l l s . To In crea se  th e area  
In fo ld ln g s  o f  th e  w a ll have been  formed In  some c a s e s , s im ila r  
to  th o se  o f  th e  m esophyll c e l l s  o f  le a v e s  o f  P ln u s. However 
a l l  the In fo ld ln g s  are o r ie n ta te d  a t r ig h t  an g les to  th e  le a f  
s u r fa c e  which r e s u l t s  In  what I s  termed *arm -p a llsad e ."  Meyer 
( 1 9 2 3 ) s t a t e s  th a t t h i s  I s  o f  freq u en t occurrence In mono- 
co ty led on ou s le a v e s ;  Das tr o p lsc h e  Parenchym p. I 7 . In 
S p r ek e lla  fo rm o slss lm a . Herb, th e s e  In fo ld ln g s  are found main­
l y  In th e  p o o r ly  developed  a d a x la l p a lisa d e  where th ey  o fte n  e x t ­
end to  th e  c e n tr e  o f  th e  c e l l s  ( f i g  1 8 5 )» but they are a lso  
found In some o f  the ab a x ia l  sub-ep iderm al c e l l s  which are  
e lo n g a ted  p a r a l le l  to  th e  long a x is  o f  th e  l e a f .  Where th e w a ll
I s  b en t Inwards to  form a fo ld  an a ir  space ( f i g  1 8 5 ) ( a ) ,  i s
formed as th e  two s id e s  o f  th e  f o ld  never to u ch .
Where th e  m esophyll I s  o f  co n s id e r a b le  th ic k n e ss  the  
ch ioropy 1 1  I s  con fin ed  to  the p er ip h era l p o r t io n s , th a t  In th e  
median part o f  th e  l e a f  b ein g  c o lo u r le s s ,  c o n s is t in g  o f  la rg e  
th ln -w a lle d  c e l l s  w ith  e x te n s iv e  a i r  sp aces between them. In 
N a rc issu s  p o e t lc u s , L. p art o f  t h i s  c e n tr a l t i s s u e  becomes com­
p ressed  and d is t o r t e d ,  w h ile  In G llv la  n o b l l l s . L ln d l. th e  
g r e a t  r i g i d i t y  o f  th e  le a v e s  I s  due alm ost e n t ir e ly  to  the  
p la te s  o f  th ick en ed  c e l l s  ( f i g  181 t .)  which occur betw een the  
v a sc u la r  b undles e s p e c ia l ly  towards the m argins o f th e  l e a f .
Along the median l in e  o f  the l e a f  th ese  c e l l s  remain u n th lck en ed . 
The th ick en ed  c e l l s  have d eep ly  p i t t e d  w a lls  ( f i g  181 p .)  and 
la r g e  a ir  sp aces betw een them. These p la te s  o f th ick en ed  c e l l s  
are not p resen t In G llv la  m ln la ta . R egel. In  many le a v e s  the
t h in  w a lled  ground t i s s u e  betw een th e  main v e in s  breaks down and
e lo n g a ted  v a v l t l e s  r e s u l t  which run throughout the le n g th  o f th e  
l e a f  on ly  b e in g  In terru p ted  where a tr a n sv e r se  commissure connects 
two main v e i n s .  In tr a n sv e r se  s e c t io n  th e  l e a f  has a g lr d e r -  
l l k e  appearance w ith  th e  main v e in s  In th e  webs as In B ru n sv lg la  
Parker 1 . v a r . a lb a .(  =A m aryllls p a rk er l = A. B e lla  dona L .var . 
blanda Eer-Gawl x B ru n sv lg la  Josep h ln ae K er-G aw l). ( f i g  1 8 0 ).
O ther genera w ith  t h i s  fe a tu r e  are Ammocharls, Buphane, N erine , 
Haemanthus, V a llo ta , G yrtanthus, S tern b erg la , S p r ek e lla , 
Hlppeastrum, H ym en oca llls , A m aryllis and Leucojum. T his fea tu r e  
I s  not co n sta n t throughout each genus as was found when exam­
in in g  th e  elaren s p e c ie s  o f  N erine g iv en  In Table V I I I . Of th e s e  
s p e c ie s  a l l  have c a v i t i e s  In th e  le a v e s  ex c ep t N. f i l i f o r m e .
The e x te n t o f  break down o f  th e  th ln -w a lle d  c e l l s  to  form th e se  
c a v i t i e s  a ls o  v a r ie s  In  th e  d i f f e r e n t  s p e c ie s  o f  N er in e .
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In G-alanthus n iv a l i s  L. th ere  are d e f in i t e  areas o f  th ln -w a lle d  
c e l l s  hut th e s e  do not tend  to  break down.
M ucilage c e l l s  are abundant e s p e c ia l ly  In th e  ch lo r o p h y ll  
c o n ta in in g  m esop h yll. The In d iv id u a l c e l l s  are o f g re a t  
le n g th  running p a r a l le l  to  th e  le n g th  o f th e  l e a f  ( f i g  178 c ) .  
These m ucilage c e l l s  sometimes co n ta in  r a p h id e s .
In N erine coru sca  e lo n g a ted  s p ir a l ly  th ick en ed  c e l l s  are  
p resen t but th ey  have no co n n ectio n  w ith  th e  v a sc u la r  bundles 
( f i g  189 & 1 9 0 ) .  These c e l l s  are  most numerous In th e  meso­
p h y ll  b ord ering  the c a v i t i e s  th a t  r e s u lt  from th e  breakdown o f  
th e c e n tr a l t i s s u e .  The c lo s e ly  wound s p ir a l  bands are composed 
e n t ir e ly  o f  c e l l u l o s e ,  no tra ce  o f  l i g n i f i c a t i o n  co u ld  be found. 
E .d e Pralne (1913) d e s c r ib e s  s im ila r  s tr u c tu r e s  In  th e  le a v e s  o f  
S a l lc o m la .  D uval-Jouve (1868) co n sid ered  th ese  s p ir a l  c e l l s
as an a e r a tin g  system  w h ile  Warming (1901) con sid ered  them as 
w a te r -s to r in g  s tr u c tu r e s .  For S a l lc o m la  H alket (1911 ) su g g e s ts  
th a t  they f a c i l i t a t e  th e  passage o f  water from the absorbing  
ep iderm is to  th e  aqueous t i s s u e .  In N. coru sca  th e  s p ir a l  c e l l s  
are probably p r im a rily  w a te r -s to r in g  but may a lso  fu n c tio n  to  
p revent th e  c o l la p s e  o f  th e  adjourning m esophyll In to  th e  
c a v i t i e s  o f  th e  cen tre  o f  th e  l e a f .
Not a l l  th e  s p e c ie s  o f N erine have s p ir a l  c e l l s  presen t  
as Is  shown by th e  fo llo w in g  t a b le .
T A B L E :  V III .
S p ir a l c e l l s  p resen t
N erine f le x u o s a , Herb.
N erine s a m le n s l s ,  (L) Herb.
N erine c u r v l f o l la  ( J a c q .)
Herb.
N erine e x c e l l e n s . Moore.
(= N .f le x u o sa  x N. h u m llls  
v a r . m a jo r .)
N erine t a r d l f lo r a .  H ort.
Van. Tubergen.
I N erine co r u sca .
(= N .s a m le n s ls  (L) Herb.
v a r . c o r u s c a .)
S p ira l c e l l s  a b s e n t .
N erine und u lata  (L) Herb. 
N erine p u d lca , H ook .f.
N erine f l l l f o l l a ,  Bak.
N erine c r is p a . H ort. Thorburn.
N erine Bow denll, W. W atts.
(= N .e x c e lle n s  major ta r d l-
f o l l a . )
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The le a f - l lm b  I s  traiaersed by a s e r ie s  o f  p a r a l le l  
v a sc u la r  bun d les which are connected  by tr a n sv er se  com m issures.
In tra n sv er se  s e c t io n  th e  main bundles can be seen  to  form a 
s in g le  system  ( f ig s  180 182 & 1 8 ? ) , and a l l  th e  bundles are  
norm ally o r ie n ta te d . At th e apex o f th e  l e a f  o f  G llv la  n o b l l l s  
L ln d l. the m arginal v e in s  Join  on to  th e  more median ones which 
end b lin d ly  In th e  m esophyll but a main v e in  may end In the  
c e n tr e  o f  a tra n sv er se  commissure, or  end b lin d ly  In th e  meso- 
p h yir  as shown In f i g  184* In th e  le a f - l im b s  w ith  narrow 
p e t lo la r  b a ses  th e  p a r a l le l  v a sc u la r  bundles are crowded to g e th e r  
In th e  b ase where th ey  have th e  appearance o f an open arc as seen  
In tr a n sv e r se  s e c t io n .  P assin g  In to  th e  expanded p o r tio n  o f th e  
le a f - l lm b  th e  p er ip h er a l bundles curve sh a rp ly  outwards w hile  
th e  median ones m aintain  t h e ir  d ir e c t  co u rse , se e  f i g  186. The 
le a v e s  never reach  any g rea t th ic k n e ss  so  th a t  no p art o f  the  
m esophyll I s  remote from th e  v a s c u la r  system . As th e  v a sc u la r  
b un dles are n earer the upper su r fa c e  than th e  low er In  many c a s e s ,  
th e  upper su r fa c e  w ith  th e  g r e a te s t  amount o f  a s s im ila t in g  t i s s u e  
has a b e t t e r  co n n ectio n  w ith  th e  v a sc u la r  system .
( I I )  A gavoldeae.
In th e  Agavoldeae Doryanthes e x c e ls a , Correa. I s  the o n ly  
s p e c ie s  th a t  was found to  have b i - f a c i a l  le a v e s .  The l e a f  o f  t h i s  
s p e c ie s  resem b les th e  co n ce n tr ic  l e a f  In g en era l s tr u c tu r e , but 
d i f f e r s  In th a t  the sm all a d a x la l bundles are norm ally o r ie n ta te d .
( I I I )  The Hypoxldo Id ea e .
(a ) The A ls tro e m e r le a e .
The A lstroem erleae  Is  c h a r a c te r ise d  by le a fy  a e r ia l  sh o o ts  
In c o n tr a st  to  the bulbous p la n ts  o f  the A m ary llld o ld eae . The 
a lte r n a te  le a v e s  have sh o r t p e t lo la r  b a ses which In many s p e c ie s  
are tw is te d  so th a t  th e  low er su r fa ce  becomes the upper su rfa ce  
as I s  fr e q u e n tly  found In woodland g r a s s e s .  Owing to  the In ­
v e r s io n  o f  th e  lam ina th e  p a lisa d e  Is  developed  a t th e  morpho­
l o g i c a l l y  low er su rfa ce  which has become th e  p h y s io lo g ic a l ly  
upper su rfa ce  as In Bomarea c a ld a s la n a . Herb. In c o n tr a s t  to  t h i s  
th e  v a sc u la r  system  rem ains p a ss iv e  so th a t  th e  In d iv id u a l bundles  
appear to be In v e r se ly  o r ie n ta te d , th a t I s ,  w ith  th e  phloem t o ­
wards th e  upper su rfa ce  which I s  a c tu a lly  th e  low er su rfa ce  as 
shown In f i g s  191 and 194- Czapek (1898 p . 429) g iv e s  the  
fo llo w in g  ex p la n a tio n  o f  t h is  phenomena f o r  th e  le a v e s  o f  
A lstro e m e r la . The le a v e s  assumed a p r o f i l e  p o s it io n  and became 
r a d ia l  In s tr u c tu r e  ( s im ila r  a t  b oth  su r fa c e s )  as a p r o te c t io n  
a g a in s t  c o n d it io n s  o f  In ten se  I n s o la t io n  and tr a n s p ir a t io n . With 
th e  change^again In th e  c o n d itio n s  a fu r th e r  tw is t  took  p lace  
through 90 and th e  l e a f  came to  have an In v erted  d o r s lv e n tr a l  
s tr u c tu r e .
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The ep iderm is I s  th ln -w a lle d , a c t in g  as a w ater storage  
t i s s u e ,  as th e  In d iv id u a l c e l l s  are o fte n  v ery  la r g e .  The 
stom ata are sm a ll, s l i g h t l y  sunk and w ithou t subsidiary c e l l s  
( f i g  1 9 2 ). The m esophyll I s  g e n e r a lly  spongy In  ty p e  but a 
r a th e r  I n d e f in it e  p a lisa d e  may be formed ( f i g  1 9 3 ). Large 
m ucilage c e l l s  are o f  freq u en t o ccu rren ce. A s in g le  system  o f  
p a r a l le l  v a sc u la r  bundles t r a v e r s e .th e  l e a f .  Thus th e  le a v e s  
o f  t h i s  group are b l - f a c l a l  as In th e  A m ary llld o ld eae .
(b) The H ypoxldeae.
A co n sid era b le  amount o f  work has been  done on t h i s  group 
by Baker (1 8 8 8 ), Scharf (1893), Schulze (1 8 9 3 ), Nel (1 9 1 4 ). The 
r a d ic a l  le a v e s  a r is e  from a rhizome or a shortened  stem  a x is  
( fr e q u e n tly  a corm), and are l in e a r ,  e n t ir e ,  p l ic a t e  or fo ld ed  
about the m ld -r lb . The le a v e s  are a l l  b l - f a c l a l  ex cep t fo r  some 
s p e c ie s  o f  th e  genus la n th e  which w i l l  be d escr ib ed  l a t e r .  A 
co n sta n t fe a tu r e  throughout th e  group Is  th e  presence o f  four  
su b s id ia r y  c e l l s  In co n n ectio n  w ith  each stoma ( f i g  196) as 
d escr ib ed  by S ch arf. The la r g e  th ln -w a lle d  ep iderm is may a c t  
as a w ater s to ra g e  t i s s u e  as In G urcullgo Sumatrana, Roxb. 
d escr ib ed  by Sch arf, and Hypoxls v l l l o s a , L ln n .f .  ( f i g  201 & 202)
M olln erla  r e c u r v a ta , (Dryand) N el. has a p l i c a t e  le a f  w ith  
a p e t lo la r  b a se  resem bling th e  palm s. The r i g id i t y  o f  the l e a f  
I s  due alm ost e n t ir e ly  to  lon g  hypodermal s c l e r o t i c  c e l l s  as In  
f i g s  197 and 1 9 9 ,s .  The m esophyll Is  compact but a p a lisa d e  o f  
com p aratively  sh ort c e l l s  may be p resen t ( f i g  1 9 9 ) . A ty p ic a l  
ty p e  o f  h a ir  I s  p resen t which has a m u lt lc e l lu la r  b a se  and I s  
crowned by la r g e  th ln -w a lle d  c e l l s ,  on ly one o f  which I s  shown 
In f i g  198. N el (1914) c r i t i c i s e s  the developm ental s ta g es  
d escr ib ed  by Scharf (1893) and d e sc r ib e s  th e  sta g es  he found. 
There I s  a s in g le  s e r ie s  o f  p a r a l le l  v a sc u la r  bundles o f  which 
th e la r g e r  ones are lo c a te d  In th e  r ib s  ( f i g  1 9 5 ).
In th e  genus H ypoxls,w orked out In d e t a i l  by N e l,th e  
le a v e s  are la n c e o la te ,  fo ld ed  about the m ld -rlb  and t y p ic a l ly  
b l - f a c l a l  In s tr u c tu r e . The c h ie f  v a r ia t io n s  found are In th e  
number and arrangement o f  th e  stro n g  v e in s  which Nel I l l u s t r a t e s  
In h i s  paper, f i g  2 . page 269. The lon g  s i lk y  h a ir s  o f  Hypoxls 
v l l l o s a , L ln n .f .  ( f i g  201) are s im ila r  In  s tru c tu r e  to  th ose  o f  
M olln erla  recu rv a ta  (Dryand) N el, but th e  term in a l h a ir  c e l l s  
are th lc k -w a lle d  and l i e  p a r a l le l  to  th e  su r fa ce  o f th e  l e a f .
(c )  G onanthereae.
For t h i s  group o n ly  herbarium  m a ter ia l could  be obtained  
f o r  G yanella  g a p e n s ls , L. which has sm all b l - f a c l a l  le a v e s  
( f i g  203J. An exam ination  o f  th e  l i t e r a t u r e  o f  t h i s  group 
su g g e s ts  th a t  th e  le a v e s  o f  a l l  th e  sp e c ie s  are b l - f a c l a l .
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(d ) G o n o sty lid ea e .
The p la n ts  o f t h i s  group are c h a r a c te r ise d  by l in e a r  or 
eq u ita n t le a v e s .  Schmidt (1893) c i t e s  fo u r  genera as having  
e q u ita n t le a v e s  which are co n ce n tr ic  in  ty p e  and sa id  to  re ­
sem ble th o se  o f  I r i s .  For t h i s  group o n ly  herbarium m a ter ia l 
co u ld  be ob ta in ed  o f  th e  b i - f a c i a l  l in e a r  le a v e s  o f  Lanaria  
plum osa, (L) A lt .  As Scharf g iv e s  a good d e s c r ip t io n  o f  t h i s  
s p e c ie s  on ly  b r ie f  r e fe r e n c e  w i l l  be made to  I t  h e r e . The 
ep iderm is c o n s is t s  o f  a m ixture o f  s c l e r o t i c  and th ln -w a lle d  
c e l l s .  The m esophyll I s  compact and no p a lisa d e  I s  organ ised  
( f i g  2 0 4 ) .  Large th ln -w a lle d  c e l l s ,  la c k in g  c h lo r o p h y ll, occu r  
betw een th e  main v e in s .  In each h a lf  o f  th e  lam ina th ere  are 
f i v e  la r g e  v a sc u la r  b un d les w ith  co n sp lc lo u s  sclerenchym atous 
sh e a th s . The median bundle , and two m arginal ones are sm a ller  
Between th e se  la r g e  bun d les are numerous sm a ll o n es, th e  g r e a te r  
number b ein g  towards th e  a b a x la l su r fa c e . These sm all bundles 
are a l l  norm ally o r ie n ta te d  ( f i g  2 0 5 ) .
SEGTION 2 . GONGENTRIG LEAVES.
The o b je c t  o f  t h i s  g en era l survey o f  th e  anatomy o f  
A m aryllldaceous le a v e s  was to  a s c e r ta in  how fr eq u en tly  th e  con­
c e n tr ic  type o f  s tr u c tu r e  o ccu rs . Of th e  34 genera examined 
o n ly  s ix  c o n ta in  s p e c ie s  w ith  co n ce n tr ic  le a v e s  b e s id e s  the  
C o n o sty lld ea e , see  Table IX.
m
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Agavoldeae v l . B esch o rn la .
v l l Fourcroya.
Those genera c i t e d  by Arber (1918) are  
a s t e r is k .
marked w ith  an
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The C on osty lld eae were examined by Schmidt (1 8 9 3 ), and 
Arber confirm s h is  work on Anagozanthus. U n fo rtu n a te ly  no 
m a te r ia l o f  any o f  th e s e  genera cou ld  be o b ta in ed . However I t  
seems c e r ta in  th a t  In th e  genera c i t e d  by Schmidt th e  le a v es  are  
c o n c e n tr ic .
The p rop ortion  o f  s p e c ie s  w ith  co n ce n tr ic  le a v e s  In any 
g iv e n  genus v a r ie s .  Thus In N a rc issu s a l l  th e  s p e c ie s  except  
two have co n c e n tr ic  le a v e s ,  Arber (1921 ), w h ile  In la n th e  on ly  
two s p e c ie s  were found w ith  tr u e ly  co n cen tr ic  le a v e s .
The co n cen tr ic  l e a f  (In c lu d in g  th e  r a d ia l l e a f  o f  Goebel 
( 1 9 1 3 ) p . 2 9 3 ) has th e  a s s im ila t in g  t i s s u e  s im ila r ly  developed  
a l l  round th e  l e a f  ( th a t  I s  a t th e  upper and low er su r fa ce s  when 
th e  l e a f  I s  f la t t e n e d .)  The v a sc u la r  system  In stead  o f  having  
a l in e a r  arrangement as seen  In tra n sv er se  s e c t io n  ( b l - f a c la l  
le a v e s )  Is  c ir c u la r  or e l l i p t i c a l  as In stem s. This means th a t  
a c e r ta in  number o f th e  bundles must show Inverted o r ie n ta t io n ,  
th a t  I s ,  w ith  phloem o r ie n ta te d  towards th e  upper s u r fa c e .
Goebel (1913) Introduced the term " U n lfacla l"  fo r  th o se  le a v e s  
where the c o n c e n tr ic  s tr u c tu r e  I s  ob ta ined  by the lo s s  o f the  
upper su rfa ce  and th e  r e s u lta n t  fu s in g  o f  th e  edges o f  the lo w er  
su r fa c e  as In  I r i s ,  Juncus and la n th e . More fr e q u e n tly  however 
th e  co n cen tr ic  s tr u c tu r e  I s  o b ta in ed  w ithou t th e  lo s s  o f  the  
upper su rfa ce  as In Zephyranthes, N a rc issu s , B esch orn la , Agave, 
and F ourcroya.
lANTHE.
The genus la n th e  w i l l  be d escr ib ed  f i r s t  as some sp e c ie s  
produce a s e r ie s  o f  le a v e s  on th e  In d iv id u a l p la n t , th e  ou ter ones 
b e in g  b l - f a c l a l  w h ile  th e  Inner ones p ass through t r a n s i t io n a l  
forms to  a co n ce n tr ic  ty p e . The le a v e s  are a l l  r a d ia l ,  few In 
number (two to  seven) and a r is e  from a corm which I s  c lo th ed  w ith  
a tu n ic  o f  f ib r e s .
lan the s t e l l a t a  (Linn f 1 1 .)  W illiam s v a r . G awlerl Bak.
lan th e ova ta  (Linn f l l . )  S a l l s h .
lan th e f la c c ld a  N e l .
lan th e c u r c u llg o ld e s  (B ol) W illiam s.
These s p e c ie s  have l in e a r  b l - f a c l a l  le a v e s , fr eq u en tly  
fo ld e d  about th e  m ld -r lb . The m esophyll I s  compact In  lan th e  
f la c c ld a  and spongy w ith  la r g e  a i r  spaces In  lan th e s t e l l a t a  v a r .  
G aw lerl. M ucilage c e l l s  are o f frequent occurrence and In 
a d d it io n  to  th e se  th e r e  are m ucilage d ucts In  con n ectio n  w ith  th e  
v a sc u la r  b u n d les , each bundle h av in g  a s in g le  la rg e  duct a t th e  
protoxylem  en d . The duct Is  l in e d  w ith  a s m a ll- c e l le d  
e p ith e liu m  s im ila r  to  th a t  o f th e  r e s in  d u cts  c h a r a c te r is t ic  o f
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some Gymnosperms. (Scharr 1 8 9 3 ). A s in g le  s e r ie s  o f  norm ally  
o r ie n ta te d  v a sc u la r  bundles run throughout th e  le n g th  o f  th e  
l e a f ,  the b undles having a l in e a r  arrangement as seen  In tr a n s­
v e r s e  s e c t io n .  In la n th e  ovata th e  a p ic e s  o f th e  le a v e s  
o c c a s io n a lly  end In c y l in d r ic a l  p o in ts , and here th ere  I s  an 
approach to  th e  c o n c e n tr ic  l e a f  ty p e , ( u n l f a c l a l ) . The a d a x la l 
su r fa c e  becomes reduced and a t th e  same tim e the v a sc u la r  bundles  
appear In a deep IT as seen  In tr a n sv e r se  s e c t io n .
la n th e  cu r c u llg o Id e s  has narrow l in e a r  le a v es  which are 
tr ia n g u la r  In  tra n sv e r se  s e c t io n .  Three v a sc u la r  bundles are  
p r e se n t, arranged In an arc open to  the a d a x la l su r fa c e .
lan th e m inuta, ( L ln n . f . ) W illiam s, 
lan th e S c h le c h te r l , (B b l. )  W illia m s.
- In th e s e  s p e c ie s  th ere  I s  a strong tendency to  produce a 
co n ce n tr ic  l e a f ,  the le a f - l lm b  becoming reduced to  a s o l id  
ta p e r in g  rod .
la n th e  m inuta. In t h i s  s p e c ie s  th e  le a v e s  on an In d iv id u a l  
p la n t  form a s e r ie s ,  th e  o u ter  ones b ein g  r e la t iv e ly  broad, 
membraneous and b l - f a c l a l  In s tr u c tu r e , w h ile  the Inner ones are  
c y l in d r ic a l ,  somewhat f le s h y ,  and approach th e  c o n ce n tr ic  type  
In s tr u c tu r e  ( f i g s  225 t o  2 2 8 ). The a d a x la l su rfa ce  o f  the  
Inner le a v e s  Is  much reduced but never becomes e lim in a ted  In t h i s  
s p e c i e s . ( f i g s -231 to  2 3 5 ) . These le a v e s  have a w e ll  developed  
p a lis a d e , two to  th ree  c e l l s  deep , but I t  n ever becomes com plete­
l y  co n c e n tr ic  as beneath  th e a d a x la l ep iderm is c o lo u r le s s  
parenchyma c e l l s  form a s t r ip  ex ten d in g  th e  whole le n g th  o f  th e  
le a f - l lm b . In th e second l e a f  o f  the s e r i e s ,  which I s  t r a n s i t ­
io n a l In form, the p a lis a d e  ex ten d s a l l  round the l e a f ,  as seen  
In tr a n sv e r se  s e c t io n  ex cep t fo r  a sm all p o r t io n  o f  th e  cen tre  
o f  th e  a d a x la l su rfa ce  ( f i g  2 3 0 ) .  At th e  apex o f  t h i s  l e a f  th e  
a d a x la l su r fa ce  becomes reduced and at th e  same tim e th e  e x te n t  
o f  a d a x la l p a lis a d e  t i s s u e  ( f i g  2 3 1 ) . In th e  th ir d  l e a f  the  
a d a x la l su r fa c e  Is  g r e a t ly  reduced a t th e  b a se  o f  th e  le a f- llm b  
( f i g  2 3 2 ) and no p a lis a d e  Is  p r e sen t In r e la t io n  to  t h i s  su r fa c e .  
At th e  apex o f  the th ir d  l e a f  th e  p o s it io n  o f  the a d a x la l su r­
fa c e  Is  In d ica ted  by two or th ree  c o lo u r le s s  c e l l s  ( f i g  2 3 4 ). 
S im ila r  d is t r ib u t io n  o f  th e  a s s im ila t in g  t i s s u e  was d escr ib ed  
by Adamson (1925) p .608 -9  fo r  th e  le a v e s  o f  Juncus sq u arrosu s.
The v a sc u la r  bundles have a l in e a r  arrangement In th e  
membraneous o u te r  l e a f  as seen  In tr a n sv e r se  s e c t io n ,  ( f i g  2 2 9 ) .
In th e  second l e a f  th ey  form an open arc , w h ile  In th e  th ird  and 
fo u r th  le a v e s  th ey  are arranged In a deep U open to  th e  a d a x la l  
su r fa c e  ( f i g s  231 to  2 3 5 ) .
Thus a lthough th e  Inner le a v e s  approach th e  co n cen tr ic  
ty p e , a t r u e ly  c o n ce n tr ic  l e a f  I s  not d evelop ed .
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la n th e  S c h le c h e r l . A ll  th e  le a v e s  produced on th e  in d iv id u a l  
p la n t are s im ila r  In t h i s  s p e c ie s ,  b ein g  o f  a t r a n s i t io n a l  type  
resem bling th e  Inner le a v e s  o f  la n th e  m inuta. Each l e a f  con­
s i s t s  o f  a co m p le te ly  sh ea th in g , membraneous le a f -b a s e  which 
e n c lo s e s  th e  b a ses  o f  th e  Inner le a v e s  and a s o l id  c y l in d r ic a l  
le a f - l lm b , f la t t e n e d  a lon g  th e  a d a x la l su r fa c e , and ta p er in g  
a t th e  apex, ( f i g  264) The m esophyll o f  th e  le a f - b a s e  la c k s  
c h lo r o ï^ iy ll , and th e  s m a lle s t  c e l l s  are found towards th e  
a b a x la l s u r fa c e . At th e  base o f  th e  le a f - l lm b  a p a lis a d e  b e ­
g in s  to  form  a t  th e  a b a x la l s u r fa c e  ( f i g  259) but soon becomes 
c o n c e n tr ic . T h rou ^ ou t th e  le a f - l lm b  th e r e  I s  a w e l l  developed  
p a lis a d e , th r e e  to  fo u r  c e l l s  deep and e q u a lly  d eveloped  on a l l  
s id e s .  The m esophyll In  the c e n tr e  o f  th e  l e a f  co n ta in s  very  
l i t t l e  ch lo r o p h y ll and c o n s is t s  o f  th ln -w a lle d  c e l l s  w ith  la r g e  
a ir  spaces betw een them ( f i g s  261 to  2 6 5 ) .
At th e low er end o f  the sh ea th in g  le a f -b a s e  th e  v a scu la r  
b un dles are numerous, b ut a f t e r  running p a r a l le l  f o r  a short 
d is ta n c e  th e y  fu se  In groups o f  th ree  or fo u r  so th a t  th e  upper 
p a rt o f  th e sh eath  I s  tra v ersed  by a r e la t iv e ly  sm all number 
o f  bundles ( f i g  2 6 4 ) .  In tr a n sv e r se  s e c t io n  the bundles are  
found to  have a l in e a r  arrangement ( f i g  2 5 8 ) . P a ssin g  Into  
th e  b ase o f  th e  le a f - l lm b  the b undles become arranged In an arc  
( f i g  2 6 0 ) which g ra d u a lly  deepens to  a ü open to  th e  ad ax la l 
s u r fa c e , and t h i s  c o n d it io n  I s  p reserved  throughout th e  l e a f -  
llm b , even in  th e  narrowed a p ic a l p o r t io n , ( f i g  2 6 3 ) At the  
apex o f  th e l e a f  where th e  bundles are few In  number and r e ­
l a t i v e l y  c lo s e  to g e th e r  two or more o f  th e  m ucilage d u cts  In  
co n n ectio n  w ith  the protoxylem s may fu s e .
lan th e a lb a  (Linn f l l . )  S a l l s b .
In la n th e  a lb a  a s e r ie s  o f  le a v e s  are produced on each  
p la n t  s im ila r  to  th a t  o f  la n th e  m inuta, but w ith  th e  Important 
d if f e r e n c e  th a t  th e  Inner le a v e s  are t r u e ly  c o n c e n tr ic  ( f i g s  236 
to  2 4 4 ) .  T r a n s it io n a l le a v e s  are o f  freq u en t occurrence where 
th e  low er p o r t io n s  are broad and membraneous w h ile  th e  upper 
p o r tio n s  c o n s is t  o f lo n g , ta p e r in g , s o l id  p o in ts  ( f i g  2 3 7 ). In  
th e s e  s o l id  a p ic e s  th e r e  I s  an approach to  u n lf a c la l  s tr u c tu r e , 
see  p . 9 2 .
The c y l in d r ic a l  Inner le a v e s  have a w e ll developed  con­
c e n tr ic  p a lis a d e  w h ile  th e  c e n tr a l t i s s u e  c o n s is t s  o f  th ln -  
w a lle d  spongy t i s s u e  w ith  scan ty  c h lo r o p h y ll ( f i g  2 5 7 ) . In 
tra n sv e r se  s e c t io n  th e  v a sc u la r  bundles are arranged In  a c i r c l e  
a t  th e  p eriph ery  o f  th e  spongy t i s s u e  ( f i g s  253 & 2 5 4 ) . S evera l 
la r g e  bundles are p resen t w ith  sm a lle r  ones between them but 
ly in g  somewhat n earer  th e  a s s im ila t in g  t i s s u e .  When th e  v a sc u ­
la r  bundles become c o n c e n tr ic a l ly  arranged a t the b a se  o f  th e
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le a f - l lm b  th e  a d a x la l su r fa c e  i s  not a f fe c t e d  and so i s  
p r esen t in  a l l  th e  le a v e s  a lthough  i t  i s  reduced in  th e  con­
c e n tr ic  o n e s . Thus th e  bundles ly in g  d i r e c t ly  ben eath  the  
a d a x la l su r fa ce  have In verted  o r ie n ta t io n ,th a t  I s ,  w ith  th e  
phloem uppermost ( f i g s  253 & 2 5 4 )• The o r ig in  o f th e s e  bundles  
w i l l  be tra ce d  l a t e r .
la n th e  a q u a tlca , (Linn f l l . )  W illia m s.
In t h i s  s p e c ie s  th e  le a v e s  are a l l  o f  one kind and 
resem ble th o se  o f  la n th e  S c h le c h te r l In appearance ( f i g  265 &
2 6 4 ) but d i f f e r  In two Important r e sp e c ts  In  s tr u c tu r e :
( I ) The v a sc u la r  bundles become c o n c e n tr ic a lly  
arranged a t  th e  base o f  th e  le a f - l lm b .
( I I ) The a d a x la l su rfa ce  becomes e lim in a ted  a t  th e  
same tim e.
Thus th e  le a f  I s  u n lf a c la l  In s tr u c tu r e  In c o n tr a s t  to  
la n th e  a lb a . A w e ll  developed  co n ce n tr ic  p a llsd d e  I s  p resen t  
X flg  2 6 5 ) . J u st w ith in  th e  p er ip h era l a s s im ila t in g  t i s s u e  are  
th e  v a sc u la r  bundles which have a s im ila r  arrangement to  th o se  
o f  lan th e a lb a . The c e n tr a l ground t i s s u e  o f  th e l e a f  I s  com­
posed  o f a network o f  c o lo u r le s s  c e l l s  owing to  th e  developm ent 
o f  la r g e  a ir  spaces ( f i g  2 6 9 ). This Is  a c h a r a c te r is t ic  fe a tu r e  
o f  w ater p la n t s .  (A rber,"#A ter P la n t s ." ) -  1920 .
An exam ination  o f  se v e r a l sp e c ie s  o f  th e  genus lan the  
su g g e s ts  th a t  th e  b i - f a c l a l  l e a f  I s  p r im it iv e  and th a t  th e con­
c e n tr ic  l e a f  I s  th e  secondary or d erived  form . T his would make 
la n th e  a q u a tlca  th e  most advanced s p e c ie s .  The tendency  i s  t o ­
wards th e  form ation  o f  a u n l f a c la l  l e a f  as In  the genus Juncus. 
Comparing th e  two genera many s im ila r  forms can be found so th a t  
co n s id er a b le  p a r a l le l  developm ent must have taken p la c e .
NARCISSES.
The genus N a rc issu s  Is  c h a r a c te r is e d  by l in e a r  co n ce n tr ic  
le a v e s  having th e  a d a x la l su rfa ce  p r e se n t. The le a v e s  vary  
co n sid er a b ly  in  form, b e in g  c y l in d r ic a l  w ith  f la t t e n e d  a d a x la l 
fa c e  as In N. Jonquil 11a v a r . j o n q u l l lo ld e s ,  W lllk . ( f i g  208) or  
f la t t e n e d  w ith  a d e f in i t e  m ld-rlb  area as In  N. p o e t lc u s . L . ,
N. t a z e t t a , L . , (Arber 1921) and N. tr la n d u s , L .. ( f i g  2 0 9 ). The 
co n cen tr ic  p a lis a d e  I s  a s in g le  c e l l  deep, th e  In d iv id u a l c e l l s  
b e in g  g r e a t ly  e lo n g a ted  a t r ig h t  an g les to  th e  s u r fa c e . Beneath  
th e  p a lisa d e  are rounded c e l l s  w ith  co n sid era b le  ch lo r o p h y ll  
c o n te n t . Only th ese  p er ip h era l t i s s u e s  co n ta in  c h lo r o p h y ll,  
th e  v a sc u la r  bundles b e in g  Imbedded In an e x te n s iv e  c o lo u r le s s ,  
th ln -w a lle d  t i s s u e  which may become com pressed and broken down 
l o c a l l y ,  as In  f i g  209 . The arrangement o f  the v a s c u la r  bun d les  
l3  t y p ic a l  f o r  th e  genua. The la r g e s t  bundles occur a cro ss  th e
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c e n tr e  o f  th e  tra n sv e r se  s e c t io n  w h ile  near th e  a b a x la l  
s u r fa c e . Just o u ts id e  th e  a s s im ila t in g  t i s s u e ,  are numerous 
sm all b u n d les . Both th e  la r g e  and th e  sm a ll bundles are  
norm ally  o r ie n ta te d . Beneath th e  a d ax la l su r fa ce  I s  a s e r ie s  
o f  sm all b u n d les showing In verted  o r ie n ta t io n  ( f i g s  209 & 208) 
T his i s  tru e  fo r  a l l  th e  s p e c ie s  ex cep t th e  two n e a r ly  a l l i e d  
form s, N .bulbocodlum , L . ,  and N .m onophyllus. T.Moore. (Arber 1921) 
In th e se  le a v e s  th e  two s e t s  o f  norm ally o r ie n ta te d  bundles are 
p resen t but th e  In verted  bundles are absent ( f i g  2 1 0 ) .
ZEPHYRANTHES.
Zephyr  
i r lc  l e
anthes Atamasco, Herb, produces se v e r a l l in e a r .
co n cen t i a v e s .  A w e ll  d eveloped  p a lis a d e , a s in g le  c e l l  
d eep . Is  p resen t as se en  In  tr a n sv e r se  s e c t io n  ( f i g  2 0 7 ) .  The 
c e n tr a l m esophyll la c k s  c h lo r o p h y ll and forms a w ater storage  
t i s s u e .  A s in g le  s e r ie s  o f  la r g e  norm ally o r ie n ta te d  v a sc u la r  
b undles are p resen t and about e ig h t  sm all In verted  bundles as 
shown In th e  tra n sv e r se  s e c t io n , ( f i g  2 0 6 ) . There are no 
sm all a b a x la l bundles u n lik e  N a r c is su s . Z. tu b lsp a th a , (K er .) 
H e rb ., Z .verecu n a , H erb ., Z .c a r in a ta , ( Spreng. )  Herb. ,  and 
Z. Candida, Herb (In n er l e a f ,  f i g  286) resem ble Z.Atamasco, Herb. 
In s tr u c tu r e . ~Z. ro sea  (Spreng.T L ln d l. has very  narrow le a v e s  
which have no a d a x la l bundles and so resem ble N. bulbocodlum .
In th e  two gen era . N a rc issu s and Z ephyranthes, th e  con­
c e n t r ic  s tr u c tu r e  I s  c o r r e la te d  w ith  a tendency fo r  th e  le a v e s  
to  become d i s t i n c t l y  f le s h y  as I s  a ls o  shown to  a l e s s e r  degree  
In th e  genus la n th e .
(11 ) A gavoIdeae.
The le a v e s  o f  th e  f iv e  genera o f  th e  Agavoldeae examined 
a l l  had an a d a x la l In v erted  bundle system  excep t Doryanthes 
e x c e l s a , C orrea. In t h i s  s p e c ie s  th e  sm all a d ax la l bundles are  
norm ally  o r ie n ta te d . Apart from t h i s  e x c ep tio n  th e  le a v e s  o f  
th e  Agavoldeae are o f  th e  u su a l co n cen tr ic  ty p e . The le a v es  
are l in e a r  or la n c e o la te  and are arranged In  a r o s e t t e  on a 
sh orten ed  stem  a x is .  A c h a r a c te r is t ic  fe a tu r e  o f  t h i s  group 
I s  th e  f le s h y  nature o f  th e  le a v e s  which are o fte n  slow  growing 
and reach a g re a t  s i z e  as In Agave amer ic a n a , L. C orrelated  
w ith  th e  th ic k n e s s  o f  th e  l e a f  I s  a grea t In crea se  In  the  
amount o f  v a sc u la r  t i s s u e  compared w ith  th in  lea v es  o f  eq u iv a len t  
su r fa ce  a r e a s . T his In crea se  u s u a lly  ta k e s  th e  form o f  
s t r a t i f i c a t i o n  o f  th e  p a r a l le l  v a sc u la r  b undles as seen  In 
tr a n sv e r se  s e c t io n ,  s e v e r a l  l i n e s  o f v a sc u la r  bundles are found  
In th e  g ro u n d -tissu e  betw een th e  upper and low er ep id erm is .
These bundles can r e a d i ly  be d iv id e d  Into two d i s t in c t  system s:
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Ci) The dominate system  c o n s is t s  o f  norm ally  
o r ie n ta te d  bundles and o ccu p ies  the low er  
th r ee -q u a r te r s  o f  the tra n sv er se  s e c t io n .
(1 1 ) Beneath the upper ep iderm is I s  a sm all 
area occup ied  by th e  second system . T h is  
c o n s is t s  o f  sm all In verted  b u n d les, excep t  
In Doryanthes e x c e ls a , C orrea . ,  where th ey  
are norm ally  o r ie n ta te d .
The sep a ra tio n  between th e  two system s Is  sharp even In  
Doryanthes e x c e l s a . C orrea, as th e  la r g e s t  a b a x la l bundles come 
n ex t to  the sm a ll a d a x la l on es.
The p er ip h era l m esophyll I s  s im ila r ly  organ ised  a t both  
s u r fa c e s , th a t  I s ,  where a d e f in i t e  p a lisa d e  Is  formed I t  I s  
c o n c e n tr ic . The v a sc u la r  bundles are Imbedded In a th ln -w a lle d ,  
w a te r -s to r a g e  t i s s u e  w ith  la rg e  a ir  spaces between th e  c e l l s ,  
and co m p lete ly  la ck in g  In c h lo r o p h y ll c o n te n t .
Agave amerIcana L.
Agave d ls c e p ta ta , Drummond.
, , T h e .le a v e s ,o f .A g a v e  amerIcana have sh ea th in g  le a f - b a s e s ,  
and broad f le s h y  le a f- î lm b a  "tâperlhg a t th e  aplcesT  Stout
t e e t h  occur a t  In te r v a ls  along th e  margin. The le a v e s  o f
Agave d ls c e p ta ta  are sm a ll and l in e a r  w ith  c i l i a t e d  m argins.
T h is s p e c ie s  b elon gs to  th e  sm all s e c t io n  P l l l f e r a e  o f  th e
genus Agave, c h a r a c te r is e d  by th e  l e a f  edge s p l i t t i n g  Into
d i s t i n c t  th rea d s.(B a k e r  1 8 8 8 ). The two s p e c ie s  are s im ila r
In s tr u c tu r e . The epiderm al c e l l s  have v ery  th ic k  c u t i c l e ,
and th e  stom ata are sunk d eep ly  below  th e  l e v e l  o f  th e  epiderm al
c e l l s .  The m esophyll I s  com pact, and th e  p er ip h era l la y e rs
are organ ised  as a p a lis a d e  about fou r c e l l s  deep ( f i g  2 1 3 ).
C erta in  o f  th e  m arginal bundles become surrounded by
8 c l  ere nchymat ous c e l l s  and become cu t o f f  from the r e s t  o f  th e
l e a f  by th e  form ation  o f  cork . The p o r tio n  o f  th e  l e a f  margin
th u s cut o f f  d r ie s ,  and s p l i t s  away, form ing a w hite m arginal
th read  ( f i g s  211 & 2 1 2 ) . W lesner and Baer (1914) d e sc r ib e
o th e r  s p e c ie s  having s im ila r  m arginal th r e a d s .
The norm ally o r ie n ta te d  v a sc u la r  bundles occupy th e  
g r e a te r  part o f  th e  s e c t io n  ( f i g  2 1 1 ). A cross the cen tre  o f  
th e  tr a n sv e r se  s e c t io n  but somewhat nearer th e  a d a x la l su rface  
I s  a l in e  o f  la r g e  v a sc u la r  bundles w ith  e x te n s iv e  f ib r o u s  
s h e a th s . The fib ro u s  sh eath s In con n ection  w ith  th e  phloem 
I s  more e x te n s iv e  than th o se  In con n ection  w ith  th e xylem . The 
m arginal bun d les have phloem f ib r e s  o n ly .
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Towards the lo w er  ep iderm is th e v a sc u la r  bundles become 
p r o g r e s s iv e ly  sm a lle r . They have fib ro u s sh eaths In  co n n ectio n  
w ith  th e  phloem, th a t I s ,  on th e  a b a x la l s id e  o f  each bundle.
In  th e  a d a x la l p o r tio n  o f  th e  tra n sv er se  s e c t io n  th e r e  I s  a much 
weaker system  o f  In v erted  b u n d les . These sm all bundles have 
phloem f ib r o u s  sh ea th s , thu s th e  f ib r e s  are on th e  a d a x la l s id e  
o f  each b u n d le . In some ca ses  sim p le stra n d s o f  f ib r e s  are  
p re sen t not In  co n n ectio n  w ith  th e  v a sc u la r  b u n d les . Some o f  
th e  bundles are not co m p lete ly  In v er ted  b ut are p la ced  o b liq u e ly  
or p a r a l le l  to  the epidermis^ th e  xylem p o in t in g  e i t h e r  r ig h t  or  
l e f t .
B eschorn la  J u cco ld es , Hook.
The le a v e s  o f  B eschorn la  J u c c o ld e s , Hook, a re  la n c e o la te  
fr e q u e n tly  ending In s o l i d  p o in ts  and d i f f e r  from th o se  o f  
Agave In th a t  on ly  th e  p e t lo la r  b a ses  and median p o r tio n s  o f th e  
le a f - l im b s  are  th ic k e n e d . The m esophyll I s  compact, and a con­
c e n tr ic  p a lis a d e  I s  p resen t which I s  two c e l l s  deep ( f i g  220^.
The th in  p o r t io n s  o f th e  l e a f ,  th a t  I s ,  th e  lamina and p e t lo la r  
w in g s, have a s in g le  s e r ie s  o f  v a sc u la r  bun d les ( f i g s  217 & 2 1 8 ) .  
These bundles are a l l  norm ally o r ie n ta te d  and c o n s is t  o f  stron g  
bun dles w ith  sm all ones between them. At th e  base o f  the l e a f  
th e  v a sc u la r  bundles are  organ ised  In a s im ila r  way to  those o f  
Agave am erlcana (compare Agave d ls c e p ta ta  f i g  211 & B eschornla  
J u cco ld es f i g  2 1 9 ). Beneath th e  a d a x la l su rfa ce  I s  an Inde­
f i n i t e  l in e  o f  sm all In verted  b u n d les . The r e s t  o f  th e  s e c t io n  
Is  occup ied  by norm ally o r ie n ta te d  bundles which become sm a ller  
towards th e  a b a x la l su r fa c e . The sm a lle s t  bundles are In c lo s e  
approxim ation  to  th e  a b a x la l su r fa c e  and are numerous. In some 
c a s e s  stran ds o f  f ib r e s  on ly  are p r e se n t. The bundles have 
sm a ll sh eaths In co n n ectio n  w ith  th e  phloem w h ile  th e  la rg e  
b un dles have sm all xylem  and phloem sh e a th s . P a ssin g  from th e  
p e t lo la r  b a se  In to  th e  th ick en ed  median p o r t io n  o f  th e  l e a f -  
llm b th e  number o f  v a sc u la r  bun d les becomes reduced. In th e  
c e n tr e  o f  th e  l e a f  th e r e  are th r e e  l in e s  o f  v a sc u la r  bundles 
p resen t In th e  th ick en ed  median p o r t io n . The c e n tr a l l l n è ,  
co n tln o u s w ith  th a t o f  th e  lam lna-w lngs, c o n s is t s  o f  la rg e  
norm ally  o r ie n ta te d  b u n d les . Towards th e  a b a x la l su r fa ce  th e r e  
I s  a l in e  o f sm a lle r , norm ally o r ie n ta te d  b u n d les , w h ile  beneath  
th e  a d a x la l su r fa ce  are fo u r  sm all In verted  bundles ( f i g  2 1 8 ). 
Towards th e  apex o f  th e  l e a f  th e  p er ip h era l bundles d ie  out and 
o n ly  th e  median l in e  I s  l e f t  ( f i g  2 1 7 ). The apex o f  th e  l e a f  
fr e q u e n tly  ends In a s o l i d  p o in t where th e  v a sc u la r  bundles b e ­
come arranged In  a h o rse -sh o e  form and th e  a d a x la l su r fa ce  ten d s  
to  d isap p ear ( f i g s  216 215 & 2 1 4 ) . Small bundles however alw ays  
In d ic a te  th e  p o s it io n  o f  th e  a d a x la l su rfa ce  a f t e r  I t  has d i s ­
appeared ( f i g  2 1 4 ) .
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Fourcroya o u b e n s ls , Haw, v a r . in erm is . Baker. 
Fouroroya c u b e n s is , Haw. v a r . L in d e n li. J acob i.
The le a v e s  o f  Fourcroya resem ble th o se  o f B eschorn la  
J u cco ld es In s tr u c tu r e . In th e  p e t lo la r  b a se  th ere  I s  an ex­
t e n s iv e  s e r ie s  o f  v a sc u la r  b u n d les . The sm all In v er ted  bundles  
are numerous a lthough th e  le a f  examined was a young on e. ( f i g  224) 
C erta in  o f  th e s e  bundles b e lo n g in g  to  th e  In verted  system  were 
o b liq u e ly  p la ce d  or were o r ie n ta te d  p a r a l le l  to  th e  ep id erm is . 
Both s e r ie s  o f  p er ip h era l bundles d isap pear In  th e  lam ina w in gs. 
In  th e  th ick en ed  m ld -r lb  reg io n  th e y  a lso  d ie  out towards the  
l e a f  apex le a v in g  th e  s in g le  s e r ie s  o f  stro n g  b u n d les.
Doryanthes e x c e ls a ,  C orrea.
In Doryanthes e x c e ls a  th e  m esophyll I s  compact and a 
p a lis a d e  la y e r  I s  o rg a ln sed  ( f i g  2 2 3 ) . The l e a f  has a s im ila r  
s tr u c tu r e  to  th o se  o f  Fourcroya ou b en sls and B eschorn la  J u cco ld es
but the a d a x la l bundles p resen t In  th e  th ick en ed  p o r tio n s  o f  th e  
l e a f  are a l l  norm ally o r ie n ta te d . E x ten siv e  sh eaths o f  phloem  
f ib r e s  are p resen t In  co n n ectio n  w ith  a l l  th e  bundles excep t  
th e  a d a x la l ones w h ile  th e  corresponding xylem  sh eath s are much 
sm a lle r . The a d a x la l bundles have la rg e  sh ea th s o f  xylem  
f ib r e s  which are o r ie n ta te d  towards the a d a x la l ep id erm is and 
very  sm all sh ea th s o f  phloem f ib r e s  ( f i g  2 2 1 ) .
In th e  Agavoldeae th e  le a v e s  are co n cen tr ic  w ith  a system  
o f a d a x la l In v er ted  bundles which may d ie  out b efo re  th e  apex o f  
th e  l e a f  I s  reach ed . The le a f - l im b s  o f  B eschorn la  J u cc o ld e s , 
Fourcroya o u b e n sls , and Doryanthes e x c e ls a  fr e q u e n tly  end In lo n g  
s o l i d  p o in t s .  In  th e se  p o in ts  th e  norm ally o r ie n ta te d  bundles 
o n ly  are p r e s e n t . When they  become c o n c e n tr ic a lly  arranged, 
some o f  them become In v er te d , but th ese  In v er ted  bundles are 
d i s t i n c t  from th o se  o f  th e  In v er ted  bundle system  p resen t In the  
low er part o f  th e  l e a f .  From th e  s tr u c tu r e  o f  th e se  s o l id  
a p ic e s  Arber (1922) I n fe r s  th a t , as fo r  T u llp a , th e  le a f- llm b  
I s  eq u iv a len t to  the le a f -b a s e  o n ly  o f  d ico ty led o n o u s le a v e s ,  
th e  s o l id  apex re p r ese n tin g  th e  v e s t i g i a l  p e t io l e ,  th e  arrange­
ment o f  th e  bundles In  a c i r c l e  d eterm in ing  I t s  p e t lo la r  
s tr u c tu r e . But accord in g  to  th e  p h y llod e th eory  th e  presence  
o f  In verted  bundles In  th e  low er p a rt o f  th e  l e a f  would In d ica te  
th a t  the e n t ir e  l e a f  was p e t lo la r ,  and not a le a f -b a s e  s tr u c tu r e .  
Thus th e  s tr u c tu r e  o f  th e s e  le a v e s  a llow s o f  th e  a p p lic a t io n  o f  
both  p arts o f  th e  p h y llo d e  th e o fy  which means th a t th e  l e a f  Is  
m o rp h o lo g ica lly : (a) a le a f - b a s e ,  and (B ) a p e t io le ,  which o f
co u rse  Is  Im p o ssib le .
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SEGTION 3 . THE ORIGIN AND SIGNIFICANCE OF THE INVERTED
BUNDLE SYSTEM.
Work on th e  In v er ted  bundles has b een  up to  th e  p resen t  
co n fin ed  to  d e s c r ip t io n s  o f th e  arrangement and s tr u c tu r e  found 
in  th e  mature le a f - l im b s  except Adamson ( I 9 2 5 ) fo r  th e  genus 
Juncus, and lo n a y  (1902) f o r  O m ithogalum . They d e sc r ib e  the  
changes th a t  take p la c e  from th e  b l - f a c l a l  to  the u n l f a c la l  p a r ts  
o f  th e  l e a f .
When th e  course o f  the In v erted  b undles I s  fo llo w ed  down 
In to  th e  l e a f  base I t  I s  found th a t  th ey  do not always jo in  on 
d ir e c t ly  to  th e  stem v a sc u la r  system  as do th o se  bundles show­
in g  normal o r ie n ta t io n .  In the upper p a rt o f  the le a f -b a s e  the  
In v erted  b un d les e i th e r  become d iv er te d  to  th e  system  o f  norm ally  
o r ie n ta te d  bundles or end b l in d ly ,  th e  b undles dying out In th e  
ground t i s s u e .  From th e  exam ination  o f  v a r io u s  genera  three  
d i s t i n c t  ty p e s  o f  In v er ted  bundle system s were found:
( 1 ) The la n th e  ty p e .
The s im p le s t  typ e  Is  th a t  found In th e  genus 
la n th e . ( a ls o  Juncus (Adamson) and Ornlthogalum  
(Lonay) ) .  Here c e r ta in  bun d les showing normal 
o r ie n ta t io n  In th e  b l - f a c l a l  p art o f  th e  l e a f  
curve round and e n te r  the co n cen tr ic  part as In ­
v er ted  b u n d les . In  lan th e t h i s  tàkes p la c e  In th e  
t r a n s i t io n  reg io n  from the b l - f a c l a l  sh ea th in g  
le a f -b a s e  to  th e  u n l f a c la l  le a f - l lm b .
( I I ) The Agave ty p e .
In Agave amerlcana s p e c ia l  branches g iv e n  o f f  
from the norm ally o r ie n ta te d  bundles become the  
In verted  b u n d les . These branches move towards 
th e  a d a x la l su r fa c e , curve sh arp ly  and take a 
v e r t i c a l l y  upward cou rse  becoming In verted  In the  
p r o c e ss .
( I I I )  The N a rc issu s ty p e .
In N a rc issu s  th e  In verted  bundles p ass down 
from th e le a f - l lm b  In to  the upper part o f  the  
le a f -b a s e  where th ey  d ie  out In groups o f  s to ra g e  
tr a c h e ld s . The In v erted  bundles are connected  
I n d ir e c t ly  w ith  th e  normal ones by numerous tr a n s ­
v e r se  com m issures.
In Zephyranthes a com bination  o f two o f  th e se  typ es forms 
th e  In verted  bundle system . The four or f i v e  median bundles
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resem ble N a r c is su s , each  bundle en d in g  In groups o f  s to ra g e  
t r a c h e ld s .  The two m arginal In v er te d  b u n d les  are d e r iv e d  from  
th e  norm ally o r ie n ta te d  ones as In  la n th e .
(a ) THE ORIGIN OF THE INVERTED BUNDLES IN THE GENUS lANTHE. 
la n th e  a lb a  (Linn f . )  S a l l s b .
A g e n e r a l d e s c r ip t io n  o f  t h i s  p la n t  has a lr e a d y  been  
g iv e n , page 85- The change from b l - f a c l a l  to  c o n c e n tr ic  can be 
tr a c e d  In two d i f f e r e n t  p a r ts , In  th e s e  l e a v e s :  ( l )  In  th e  t r a n s ­
i t i o n a l  le a v e s  where th e  membraneous p o r t io n  p a sses  o v er  to  th e  
s o l i d  apex and (11) a t  th e  base o f  th e  c y l in d r ic a l  In n er le a v e s .
In th e  t r a n s i t io n a l  le a v e s  the change from membraneous 
to  s o l id  I s  accom panied by a change In shape o f  th e  s e c t io n .
The a d a x la l su r fa c e  becom es d e e p ly  grooved ( f i g  246) and g ra d u a l­
l y  d ie s  out h ig h e r  up so th a t th e  edges o f  th e  a b a x la l su r fa ce  
j o i n . ( f i g  2 5 2 ) .  The a d a x la l su r fa c e  appears as a sm a ll n otch  
In th e  s e c t io n  ju s t  b e fo r e  I t  d isa p p ea rs  ( f i g  2 4 9 ) . At th e  s a  
tim e th e  arrangem ent o f  th e  v a s c u la r  b u n d les changes g ra d u a lly  
from a broad arc to  a deep U. F in a l ly  t h i s  U , w hich I s  open to  
th e  a d a x la l su r fa c e  c l o s e s ,  and th e  v a s c u la r  b un d les become 
arranged  In a c i r c l e  a s  seen  In tr a n s v e r s e  s e c t io n  ( f i g s  246 to
2 5 2 ) .
In  th e  c y l in d r ic a l  Inner le a v e s  a l l  th e  b u n d les  p resen t
In  th e  membraneous b l - f a c l a l ,  sh ea th in g  le a f - b a s e  p a ss  In to  th e
s o l i d  le a f - l lm b ,  th e  m arginal on es cu rv in g  s tr o n g ly  and ta k in g  
an o b liq u e  c o u r se , so  th a t  th ey  come to  l i e  beneath  th e  a d a x la l
su r fa c e  as shown In th e  s e r ie s  o f  s e c t io n s ,  256 to  2 5 3 . These
b u n d les  become In v er te d , and th e  a d a x la l su r fa c e  n ev er  d isa p p ea rs  
u n lik e  th e  t r a n s i t io n a l  le a v e s .
la n th e  a q u a tlc a  (Linn f . )  W illia m s .
The change from b l - f a c l a l  to  c o n c e n tr ic  Is  lo c a te d  In th e  
t r a n s i t io n  r e g io n  b etw een  th e  sh ea th in g  le a f - b a s e  and th e  l e a f -  
llm b . The p e r ip h e r a l b u n d les o f  th e  sh ea th  curve round and 
become a d a x la l .  In v er ted  b un d les In  th e  le a f - l lm b  as In  lan th e  
a lb a , but accom panying t h i s  I s  th e  lo s s  o f  th e  a d a x la l su r fa ce  
( f i g s  2 6 6  to  2 6 8 ) .  Thus th e  le a f - l lm b  I s  u n l f a c l a l  In  la n th e  
a q u a tlc a  arid resem b les th e  axes o f  Juncus e f fu s u s  In  t h i s  r e s p e c t  
as d esc r ib e d  by Adamson (1 9 2 5 ). In O rnlthogalum  caudatum, A l t .  
d e sc r ib e d  by Lonay (1 9 0 2 ) , two ty p e s  o f  le a v e s  are p r e se n t  as  
d e sc r ib e d  f o r  la n th e  a lM .  In  th e  embryonic l e a f  Lonay f in d s  
th r e e  d i s t i n c t  p a r ts :  ( i j  a b l - f a c l a l  le a f - l lm b  which I s  term in ­
a te d  by a u n l f a c l a l  ap ex , ( l l )  and a sh ea th in g  le a f - b a s e ,  (1 1 1 ) .
In th e  mature l e a f  a l l  th e s e  p a r ts  are n ot p r e se n t , th e  le a f - b a s e  
p a ss in g  d i r e c t l y  to  th e  u n l f a c l a l  l e a f - l lm b .  The v a s c u la r  
b u n d les become c o n c e n t r ic a l ly  arranged so  th a t  In th e  mature
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form th e  l e a f  resem bles th a t  o f  la n th e  a q u a t lc a .
(b) THE ORIOIM OF THE INVERTED BUNDLES IN AGAVE AMERIGAM.L.
S ev era l young o f fs h o o ts  from a p la n t growing a t Kew were 
exam ined. The l e a f  I s  formed by an e x te n s iv e  m erlstem atlc  zon e, 
( f i g  2 7 0  f ) ju s t  o u ts id e  the com p licated  s t e l e  o f  th e  stem a x is .  
T his c y l in d r ic a l  m erlstem  forms th e  ground t i s s u e  o f  th e  l e a f  on 
th e  o u ts id e . The a b a x la l t i s s u e s  are formed f i r s t  and d ev e lo p ­
ment proceeds u n t i l  th e  a d a x la l ep iderm is I s  formed and th e  l e a f  
becomes fr e e  from th e  stem  a t  th a t  l e v e l .  The m argins o f the  
l e a f  become com pleted f i r s t ,  and fo r  a co n sid era b le  d is ta n c e  
th e  l e a f  has a median attachm ent o n ly  to  th e  stem as shown In  
th e  ou ter  l e a f ,  f i g  270 , a .
The v a sc u la r  bun d les p ass ou t o b liq u e ly  from th e  stem In to  
th e  base o f  th e  l e a f  In te rr u p tin g  th e  m erlstem atlc  t i s s u e .  The 
bundles p ass out In s é r i e s .  At th e base o f  the m erlstem atlc  
zon e, where o n ly  a l i t t l e  a b a x la l l e a f  t i s s u e  has been  formed, a 
s e r ie s  o f  sm all bundles pass out as shown In  th e  Inner l e a f ,  f i g  
2 7 0 , b . These bundles have la r g e  sheaths o f  f ib r e s  In con n ect­
io n  w ith  th e  phloem. H igher up a ra th er  I n d e f in it e  s e r ie s  o f  
la r g e r  bundles pass out and th ey  occupy a p o s it io n  mid-way b e ­
tw een the lo w e r  and upper ep id erm is . F in a l ly  th e  main s e r ie s  o f  
la r g e  bundles p ass out j u s t  b efo re  th e  l e a f  becomes d etach ed . 
Those a t  the margin p a ss out f i r s t  and th ere  I s  a gradual pro­
g r e s s  towards th e  c e n tr e . These bundles are a l l  norm ally  
o r ie n ta te d  b ut In th e  median p o r t io n  o f  some le a v e s  when the l a s t  
o f  th e  v a sc u la r  bundles are p a ss in g  ou t, th e r e  were two sm all 
bundles p r e s e n t , one o f  which showed In verted  o r ie n ta t io n , ( f i g  
2 7 0  c )  and th e  o th e r  p a r t i a l l y  In verted  o r ie n ta t io n  ( f i g  270 dT, 
th e  xylem  b e in g  a t about 45^ to  th e  v e r t i c a l  as seen  In tr a n s ­
v e r s e  s e c t io n , f i g  2 7 1 , 1 .
For a co n s id e r a b le  d is ta n c e  (about 1 cm) a f t e r  th e  l e a f  
has become f r e e  from th e  stem , no In verted  bundles are found In  
th e  le a f -b a s e  (excep t f o r  th e  two a x ia l  In v er ted  bundles In some 
o f  th e  l e a v e s . )  In t h i s  p art o f  the le a f - b a s e  th e  la r g e  
norm ally  o r ie n ta te d  b u n d les , which passed  out l a s t  In to  the l e a f ,  
g r a d u a lly  reced e  from th e  a d a x la l ep iderm is and then  proceed to  
g iv e  o f f  the In verted  b u n d les . These are formed by tr a c e s  
which curve out towards th e  a d a x la l ep iderm is and In doing so 
become In v e r te d . These tr a c e s  th en  turn  v e r t i c a l l y  upwards and 
run throughout th e  le a f - l lm b , d iv id in g  up In to  se v e r a l sep arate  
bundles which become arranged In se v e r a l p la n e s , p a r a l le l  to  th e  
su r fa c e . In  o ld e r  l e a v e s .  T his I s  brought about by c e r ta in  
branches cu rv in g  towards the c e n tr e  o f  th e  l e a f  and o th ers t o ­
wards the a d a x la l su r fa c e  so th a t  In tr a n sv e r se  s e c t io n  more than  
one l in e  o f  v a sc u la r  bundles I s  found. In f i g  271 th ere  are  
two median a x ia l  In v erted  bundles p resen t and a th ir d  In verted  
bundle Is  about to  be g iv e n  o f f  by one o f th e  la rg e  b u n d les .
A p o r t io n  o f  th e  phloem has moved round a t r ig h t  a n g le s  to  th a t  
o f  th e  la r g e  bundle w h ile  the xylem  Is se p a ra tin g  In to  two
g r o u p s . ( f i | . 2 7 2 ) .
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The sm a ll b u n d le  so form ed sw eeps round tow ards th e  a d a x la l s u r ­
f a c e  ( f i g  2 7 3 ) and becom es I n v e r te d  ( f i g  2 7 4 ) .  The o th e r  la r g e  
b u n d les  g iv e  o f  In v e r te d  b u n d les  In  th e  same way. The ord er o f  
th e  appearance o f  th e s e  b u n d les In  th e  l e a f  exam ined I s  shown In  
f i g  2 7 5 , a t  w hich  l e v e l  th e  m edian a x ia l  b u n d le  h a s d iv id e d .
Thus In  many l e a v e s  o f  Agave am erlcana th e  In v e r te d  
b u n d les  have o n ly  an I n d ir e c t  c o n n e c t io n  w ith  th e  stem  system  
w h ile  In  o th e r  l e a v e s  o n ly  two o f  th e  many In v e r te d  b u n d les  h a v e  
d ir e c t  c o n n e c t io n . In  th e  l a t t e r  c a se  th e  o n ly  d i f f e r e n c e  
ap p ears to  be th a t  th e  two In v e r te d  b u n d les  In  q u e s t io n  are g iv e n  
o f f  much e a r l i e r  than  th e  o t h e r s ,  th a t  I s ,  b e fo r e  th e  l e a f  h as  
e n t i r e l y  s e p a r a te d  from  th e  stem .
(o ) , THE ORIGIN OF THE - INVERTED BUNDLES IN NARCISSUS POSTICUS.L .
As a lr e a d y  m en tion ed  In  c o n n e c t io n  w ith  th e  grow th  o f  th e  
l e a f .  N a r c is su s  p o e t lc u s  h as a sy stem  o f  In v e r te d  b u n d les  w hich  
d ie  ou t In  th e  upper p a r t  o f  th e  l e a f - b a s e .  T h is sy stem  i s  
c o m p lic a te d  and d i f f i c u l t  to  t r a c e  owing t o  th e  o ccu rren ce  o f  
numerous t r a n s v e r s e  com m issures c o n n e c t in g  th e  in d iv id u a l  b u n d les  
among th e m se lv e s  and w ith  th e  n o rm a lly  o r ie n ta te d  sy stw n .
The b a s e s  o f  two le a v e s  o f  a n e a r ly  mature sh o o t  w ere e x ­
am ined. A c i r c l e  o f  n o rm a lly  o r ie n ta t e d  b u n d le s , a s  s e e n  in  
t r a n s v e r s e  s e c t io n ,  p a s s  In to  th e  l e a f - b a s e .  Those p a ss in g  In to
th e  l e a f - b a s e  p rop er run  s t r a ig h t  through th e  l e a f  to  I t s  ap ex , 
w h ile  th o se  p a s s in g  In to  th e  s h e a th in g  p o r t io n  d ie  o u t  In  th e  
c r e s c e n t  shaped r id g e  o f  t i s s u e  a t  I t s  a p ex . Thus th e r e  i s  no 
c u r v in g  o f  th e  b u n d les o f  th e  sh e a th  in to  th e  base o f  th e  l e a f -  
llm b  as In  la n th e  a q u a t lc a .
In s e c t io n in g  th e  sh o o t a d a x la l  b u n d les  f i r s t  appear in  
th e  in n er  l e a f  about s i x  mms. from  i t s  ju n c t io n  w ith  th e  stem .
At t h i s  l e v e l  th e  sh e a th  i s  co m p le te  and a l l  th e  n o rm a lly  o r i e n ­
t a t e d  b u n d les a re  p r e s e n t  in  th e  sh e a th in g  p o r t io n . As th e  b a s e  
o f  th e  l e a f  i s  n o t m ature (grow in g sh o o t)  th e  a d a x la l b u n d les  
c o n s i s t  o f  s tr a n d s  o f  procamblum In  th e  l e a f - b a s e  ( f i g  277)»  
t h e s e  s tr a n d s  appear to  have b een  formed b y  th e  l a t e  d iv i s io n  o f  
parenchyma c e l l s ,  s im i la r  to  th e  p e r ip h e r a l b u n d les In  th e  l e a f -  
b a se  o f  O m ith oga lu m  caudatum , A l t .  d e s c r ib e d  by Lonay ( I 9 0 2 ) .
The o r ig in a l  p rocam b ia l s tr a n d s  d iv id e ,  and a t  a h ig h e r  l e v e l  
d i f f e r e n t i a t i o n  ta k e s  p la c e .  The median b u n d le  h a s  numerous 
sm a ll l l g n l f l e d  s to r a g e  t r a c h e ld s  ( f i g  278) w hich become redu ced  
a t  a h i ^ e r  l e v e l  to  one o r  two t r a c h e ld s ,  a s  se en  In  tr a n s v e r s e  
s e c t i o n .  The p rocam b ia l s tra n d  on th e  r ig h t  o f  th e  median one  
i s  p e c u la r  In  th a t  th e  l i g n l f i e d  t r a c h e ld s  f i r s t  appear some 
d is t a n c e  from  I t ,  b e in g  se p a r a te d  by th r e e  o r  fou r la r g e  p aren ­
chyma c e l l s ( f i g  2 7 9 ) .  The t r a c h e a l  group moves tow ards and 
f i n a l l y  j o in s  th e  p rocam b ia l s tr a n d . A d a x la l b u n d les appear a t  
a h ig h e r  l e v e l  In  th e  o u te r  l e a f  a s i t  i s  more d e v e lo p e d .
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The f i r s t  b u n d le  to  a p p ea r  I s  a m arginal one w hich  en d s In  a 
s i n g l e  lo n g  t r a c h e ld  ( f i g  2 8 1 ) .  T h is i s  fo llo w e d  by a group o f  
ab out te n  sm a ll s to r a g e  t r a c h e ld s ,  a t  w hich l e v e l  a t r a n s v e r s e  
com m issure p a s s e s  down from one o f  th e  n o rm a lly  o r ie n ta t e d  
b u n d le s  ( f i g  280 )> Above t h i s  ju n c t io n  th e  t r a c h e a l  mass 
d iv id e s  In to  two and u n d i f f e r e n t ia t e d  phloem  c e l l s  appear on th e  
a d a x la l  s id e  o f  each  xy lem  group , w hich d eterm in es  th e  In v en ted  
o r ie n t a t io n .  One o f  th e  two b u n d le s  now d iv id e s  a g a in  so  th a t  
th r e e  are p r e s e n t .  N ear th e  o t h e f  m argin o f  th e  l e a f  a n o th er  
I n v e r te d  b u n d le  ap pears b ut I t  I s  Im p o ss ib le  to  show th a t  I t  I s  
Independent b e fo r e  th e  t r a n s v e r s e  com m issure jo in s  I t .  T his 
b u n d le  a ls o  d iv id e s  I n to  th r e e  a s  d e sc r ib e d  ab ove. O ther I n v e r t  
ed  b u n d les appear In  r a p id  s u c c e s s io n  most o f  them h a v in g  t r a n s ­
v e r s e  com m issures (from  n o rm a lly  o r ie n ta t e d  b u n d les)  w hich p a ss  
down o b l iq u e ly  and j o in  on to  t h e i r  b a s e s .
An ex a m in a tio n  o f  mature s h o o ts  co n firm s th e  in d ep en d en t  
o r i g i n  o f  th e  in v e r te d  b u n d le s , w h ich  end b l in d l y  in  th e  g e n e r a l  
m eso p h y ll o f  th e  upper p a r t  o f  th e  l e a f - b a s e ,  in  groups o f  
s to r a g e  t r a c h e id s .  From th e s e  grou p s s i n g l e  t r a c h e id s  f r e q u e n t ­
l y  p a ss  f u r t h e r  down and end b l in d ly  in  th e  m eso p h y ll.
(d ) THE ORIGIN OF THE IN^RTED BUNDLES IN ZEPHYRANTHES QANDIDA.
A b u lb  o f  Z ephyranthes C andida, H erb, p rod uces th r e e  
le a v e s  each  y e a r .  The o u te r  two have c o m p le te ly  sh ea th in g , 
f la s k -s h a p e d  b a se s  w h ich  are f l e s h y  owing to  s to r a g e  s ta r c h  in  
th e  m eso p h y ll. ( f i g  2 8 2 ) .  The in n erm ost l e a f  b ears in  I t s  a x i l  
th e  f lo w e r  o f  th e  c u r r e n t  se a so n , and has o n ly  a p a r t i a l l y  
sh e a th in g  l e a f - b a s e  . ( f  i g  284) # T his l e a f  i s  u s u a l ly  much 
s m a lle r  th a n  th e  o th e r  tw o, ev en  when f u l l y  m ature. The two o u t ­
e r  le a v e s  have t y p i c a l l y  c o n c e n tr ic  l e a f - 1 im b s . ( s e e  page 8 ? ) .
The in n erm ost l e a f  h as a c o n c e n tr ic  p a l i s a d e ,  b ut th e  g r e a te r  
p a r t  o f  th e  le a f - l im b  h a s  no in v e r te d  b u n d le s .
A s i n g l e  s e r i e s  o f  n o rm a lly  o r ie n ta te d  b u n d les  p a s s e s  
from  th e  stem  in to  th e  l e a f - b a s e .  Those p a ss in g  in to  th e  t h in  
s h e a th in g  p o r t io n  d ie  o u t in  th e  upper p a r t  o f  th e  s h e a th , w h ile  
t h o s e  p a s s in g  in to  th e  le a f - b a s e  p ro p er  c o n t in u e  in to  th e  l e a f -  
l lm b . No in v e r te d  b u n d les  are p r e s e n t  in  th e  g r e a te r  p a rt o f  
t h e  l e a f - b a s e .  The in v e r te d  b u n d les  f i r s t  appear in  th e  t r a n s ­
i t i o n  zone p a s s in g  from th e  l e a f - b a s e  to  th e  l e a f - l im b .  The 
two m argin al in v e r te d  b u n d les  a re  d er iv ed  from  th e n orm ally  
o r ie n ta t e d  o n es  by in c u r v in g  o f  th e  b u n d les o f  th e  sh e a th in g  
p o r t io n  o f  th e  l e a f - b a s e  as in  la n t h e . The fou r to  s i x  m edian  
in v e r te d  b u n d les  end b l in d l y  in  groups o f  s to r a g e  t r a c h e id s  in  
th e  t r a n s i t i o n  r e g io n  and do n o t co n n ect d i r e c t l y  w ith  th e norm al 
sy s te m .
A m ature sh o o t was exam ined , which had th ree  f o l i a g e  le a v e s  
To tr a c e  th e  o r i g in  o f  th e  in v e r te d  b u n d les a sh oot was s e c t io n e d
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a t  th r e e  d i f f e r e n t  l e v e l s :  ( i )  The h ig h e s t  l e v e l  on th e  sh o o t  
was th e  t r a n s i t i o n  r e g io n  o f  th e  o u te r  l e a f ,  i . e .  th e  upper p a r t  
o f  th e  l e a f - b a s e ,  and th e  low er p a r t  o f  th e  l e a f - l im b .  ( i i )  The 
n ex t was th e  s im ila r  t r a n s i t i o n  r e g io n  o f  th e  second  l e a f  , 
w h ich  was a t  a low er l e v e l ,  ( i i i )  The l a s t  was th e  b a s e  o f  th e  
sh o o t  to  th e  l e v e l  o f  th e  mature l e a f - l im b  o f  th e  t h ir d  l e a f .
A s e c t io n  ta k en  in  th e  c e n tr e  o f  th e  sh e a th in g  le a f - b a s e  
shows a c i r c l e  o f  n o rm a lly  o r ie n ta t e d  v a s c u la r  b u n d les  o f  w hich  
n in e  la r g e  b u n d les  a re  p r e s e n t  i n  th e  l e a f - b a s e  p ro p er  and fo u r  
o r  f i v e  sm a ll on es in  th e  t h in  sh e a th in g  p o r t io n  ( f i g  285) • I t  
i s  o n ly  in  th e  upper p a r t  o f  th e  l e a f - b a s e  t h a t  th e  in v e r te d  
b u n d les  b e g in  to  a p p ea r . In  th e  o u te r  l e a f  o f  th e  sh o o t  exam in­
ed , th e  f i r s t  in v e r te d  bundle ap p ears in  th e  median p a r t  o f  th e  
a d a x ia l  s u r fa c e  o f  th e  l e a f - b a s e  proper ( f i g  2 8 5 ) . T h is i s  
fo llo w e d  by an in v e r te d  bundle on th e  l e f t  o f  the m edian one ( f i g  
286) and th e n  one on th e  r ig h t  ( f i g  2 8 9 ) . The fo u r th  appears  
on th e  r ig h t  o f  th e  t h ir d  ( f i g  2 9 3 ) .  T hese in v e r te d  b u n d les  
a re a l l  s im i la r  in  s t r u c t u r e .  At th e  extrem e b ase  th e r e  are one 
to  th r e e  t r a c h e id s  ( f i g  2 9 0 ) , w ith o u t  any phloem  p r e s e n t .  These  
t r a c h e id s  are  sh o r t  and f r e q u e n t ly  e lo n g a te d  a t  r ig h t  a n g le s  to  
th e  lo n g  a x is  o f  th e  b u n d le  ( f i g  2 9 4 ) .  The xylem  in c r e a s e s  
r a p id ly  in  amount u n t i l  s i x  to  t e n  t r a c h e id s  are p r e s e n t  in  th e  
t h i c k e s t  p a r t  o f  th e  s to r a g e  b a se  ( f i g s  2 8 7 , 291 , & 2 9 5 ) .  The 
phloem  now b e g in s  to  o r g a n is e  on th e  a d a x ia l  s id e  o f  th e  xylem  
and so  d eterm in es  th e  in v e r te d  o r ie n t a t io n  o f  th e  b u n d le s . A t 
h ig h e r  l e v e l s  th e  b u n d les  d e c r e a se  r a p id ly  in  s i z e .  The phloem  
becom es o r g a n ise d  as a group o f  sm a ll c e l l s  and th e  xy lem  becom es 
red u ced  to  one to  fo u r  tr a c h e id s  ( f i g s  288 , 292, & 2 9 6 ) .  T h is  
i s  th e  g e n e r a l form o f  th e  in v e r te d  bundle th rou gh ou t th e  l e a f -  
l im b . By d eh y d r a tin g  m a te r ia l in  a lc o h o l  and c le a r in g  in  x y l o l  
i t  becomes s u f f i c i e n t l y  tr a n sp a r e n t  fo r  th e  in v e r te d  b u n d les to  
be s e e n  in  th e  s o l i d  and th e  d e t a i l s  o f  t h e i r  b a ses  drawn.
F ig s  320 and 321 are o f  th e  ends o f  two b u n d le s , drawn from  
m a te r ia l  t r e a t e d  in  t h i s  way. When th e  t h in  sh e a th in g  p o r t io n  
o f  th e  l e a f  d i e s  ou t a l l  th e  b u n d les  e x c e p t  two d ie  o u t w ith  i t .  
F ig  298 i s  o f  th e  end o f  one o f  th e  b u n d les  j u s t  b e fo r e  i t  d i s ­
ap p ears . The two p e r ip h e r a l  b u n d le s  o f  th e  sh ea th  become d iv e r t  
e d , cu rv in g  in to  th e b a se  o f  th e  le a f - l im b  ( f i g s  300 & 3 0 1 ) .
The sh ea th  u s u a l ly  d i e s  o u t more q u ic k ly  on one s id e  th an  the  
o th e r  and one p e r ip h e r a l  bundle i s  a ls o  in 'a d v a n ce  o f  th e  o t h e r .  
D uring t h i s  cu rv a tu re  th e  two p e r ip h e r a l b u n d les  become in v e r te d  
( f i g  3 0 2 ) . They are th u s  e x a c t ly  s im ila r  to  the in v e r te d  
b u n d les , found in  la n th e  a lb a  and la n th e  a q u a t ic a . In  some 
l e a v e s  a v a r i a t io n  was found in  t h a t  th e  two m arginal in v e r te d  
b u n d les  are form ed by two b ran ch es g iv e n  o f f  by the two m argin al 
n orm ally  o r ie n t a t e d  b u n d les  o f  th e  l e a f - b a s e  p ro p er . In  e i t h e r  
mode o f  o r i g i n  th e  p e r ip h e r a l  in v e r te d  b u n d les  are d e r iv e d  from  
th e  system  o f  n orm ally  o r ie n ta t e d  b u n d le s , in  c o n tr a s t  to  th e  
r e s t  o f  th e  in v e r te d  b u n d le s .
The seco n d  l e a f  o f  th e  sh o o t  exam ined d i f f e r e d  from th e
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o u te r  in  two w ays: ( i )  th e  two m argin a l in v e r te d  b u n d les  appear  
f i r s t ,  and ( i i )  a l l  th e  r e s t  o f  th e  in v e r te d  b u n d les appear in  
th e  b ase o f  th e  l e a f - l im b .  These v a r ia t io n s  are s im p ly  due to  
th e  d i f f e r e n t  l e v e l  a t  w hich  th e  sh ea th  d i e s  o u t .  The two 
m arg in a l in v e r te d  b u n d les  are r e p r e se n te d  by stra n d s  o f  p ro -  
cambium ( f i g  3 1 1 ) w hich  o n ly  become d i f f e r e n t i a t e d  in  th e  c e n tr e  
o f  th e  l e a f - l im b .  The ord er o f  th e  appearance o f  th e  f i v e  
m edian in v e r te d  b u n d les i s  shown in  f i g s  3 0 6  3 0 7  3 0 8  3 0 9  & 3 1 0 . 
The arrangem ent i s  n o t i d e n t i c a l  w ith  th a t  found in  th e  o u te r  
l e a f ,  a ls o  an e x tr a  b u n d le  i s  p r e s e n t  h e r e .  These b u n d les  
c o n s i s t  o f  s tr a n d s  o f  procambium a t  th e  b a se  ( f i g  3 I 3 ) .  Above 
t h i s ,  groups o f  s to r a g e  tr a c h e id s  a re  fou n d , and f i n a l l y  th e  
b u n d les  become g r e a t ly  reduced  in  s i z e ,  u s u a l ly  a s in g le  
t r a c h e id  b e in g  p r e se n t  ( f i g  3 1 2 ) .  At th e  l e v e l  o f  f i g  286 th e  
in n e r  l e a f  i s  c u t  in  th e  c e n tr e  o f  th e  l e a f - l im b .  H ere a l l  th e  
b u n d les  are d i f f e r e n t i a t e d  in to  xÿlem  and phloem . There are  
n in e  n orm ally  o r ie n ta t e d  b u n d les as in  th e  o u te r  l e a f ,  and se v e n  
sm a ll in v e r te d  b u n d les th e  w hole form ing a c o n c e n tr ic  sy stem .
In  th e  n o n -sh e a th in g  b a se  o f  th e  t h ir d  l e a f ,  se v e n  
v a s c u la r  b u n d les  are  p r e s e n t ,  a l l  o f  w hich have l i g n i f i e d  xylem  
( f i g  3 1 4 ) .  At a h ig h e r  l e v e l  fo u r  a d a x ia l  p rocam b ial s tra n d s  
appear w hich r e p r e se n t  fo u r  in v e r te d  b u n d le s . These s tra n d s  
end b l in d ly  in  th e  g e n e r a l m esop h y ll a t th e  b a se  o f  th e  l e a f ,  
so re sem b lin g  th e  m edian in v e r te d  b u n d les o f  th e  sh e a th in g  
l e a v e s .  At th e  l e v e l  o f  f i g  3 1 5  th e  fo u r  a d a x ia l s tr a n d s  and 
th e  two m a rg in a l b u n d les  o f  th e  norm ally  o r ie n ta te d  system  
c o n s i s t  o f  u n d i f f e r e n t ia t e d  p rocam b ia l s t r a n d s .  The r e s t  o f  
th e  n orm ally  o r ie n ta t e d  b u n d les have o n ly  two or th r e e  p ro to ­
xy lem  e lem en ts  l i g n i f i e d .  The m etaxylem  i s  u n d ig n if ie d  and 
re sem b les  t h a t  found in  th e  grow ing r e g io n  a t  th e  b a se  o f  th e  
N a r c is s u s  l e a f  ( f i g  3 2 4 ) .  P ro ceed in g  h ig h e r  up in  th e  l e a f  
th e  a d a x ia l b u n d les  d ie  o u t , and th e  n orm ally  o r ie n ta te d  b u n d les  
become f u l l y  d i f f e r e n t i a t e d  ( f i g s  316 to  3 1 9 ) .  At th e  l e v e l  o f  
f i g  3 I 8  a l l  th e  b u n d les a re  d i f f e r e n t i a t e d  in c lu d in g  th e  two 
in v e r te d  o n e s . A c o n c e n tr ic  p a l is a d e  i s  p r e s e n t  a t  t h i s  l e v e l .  
In  th e  upper h a l f  o f  th e  le a f - l im b  no in v e r te d  b u n d les  are  
p r e s e n t  as shown in  f i g  319 .
A summary o f  th e  r e s u l t s  d e s c r ib e d  above issh ow n  in  
f i g  3 2 2  w hich  was drawn from m a te r ia l  c le a r e d  in  x y l o l  as a lr e a d y  
e x p la in e d . The in v e r te d  b u n d les  are shown in  heavy b la c k  
c o n tin o u s  l i n e s ,  and th e  n orm ally  o r ie n ta te d  ones in  broken  
l i n e s .  T h is i s  t y p ic a l  f o r  a l l  th e  le a v e s  ex c ep t th e  innerm ost 
n o n sh ea th in g  one as a lr e a d y  e x p la in e d .
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DISCUSSION.
De C a n d o lle  (1 8 2 7 ) b ased  th e  p h y llo d e  th e o ry  e n t i r e ly  on  
e x t e r n a l  m orphology. A rber (1918) a c c ep te d  th e  th e o r y  and put 
i t  on an a n a to m ica l b a s i s ,  f in d in g  fu r th e r  support in  th e  p r e s ­
en ce  o f  in v e r te d  b u n d le s . The th e o ry  c o n s id e r s  th e  m onocot- 
jrledonous l e a f  as e q u iv a le n t  to  th e  le a f - b a s e  and p e t i o l e  o r  th e  
l e a f - b a s e  o n ly  o f  th e  d ic o ty le d o n o u s  l e a f .  The f l a t t e n i n g  o f  
a p e t i o l e  w ith  a c i r c l e  o f  v a s c u la r  b u n d le s , a s seen  in  tr a n a -  
v e r s e  s e c t io n ,  would g iv e  r i s e  t o  a c o n c e n tr ic  l e a f - l im b  in  
w hich  th e  a d a x ia l  b u n d les  would be in v e r te d . (Where th e  p e t io l e  
h as an open arc o f  b u n d les  f l a t t e n i n g  would r e s u l t  in  a b i - f a c i a l  
l e a f ,  as in  th e  c a se  o f  O x a lis  b u jb le u r ifo l ia  which h a s a p h y llo d e  
w ith o u t  in v e r te d  b u n d lesT ) I f  th e  c o n c e n tr ic  l e a f  w ere formed
in  t h i s  way i t  would be e x p ec ted  th a t  th e  n orm ally  o r ie n ta te d ,  
and in v e r te d  b u n d les  w ould  be s im i la r  in  arrangem ent and e x te n t  
d i f f e r i n g  o n ly  in  o r ie n t a t io n  as in  th e  p h y llo d e s  o f  A c a c ia . In  
a l l  th e  le a v e s  exam ined in  t h i s  in v e s t ig a t io n ,  th e  in v e r te d  
b u n d le  system  was found to  be much l e s s  e x t e n s iv e  th a n  th e  norm al, 
and to  d i f f e r  from i t  in  c h a r a c te r . A rber e x p la in s  t h i s  as due 
to  a ten d en cy  to  redu ce th e  in v e r te d  bundle sy stem . P e te r s  (1 9 2 7 )  
p o in t s  out th a t  th e  p r e se n c e  o f  in v e r te d  b u n d les  i s  n o t a b so lu te  
p r o o f  o f  p h y l lo d ic  s t r u c t u r e .  He exam ined th e  f i r s t  le a v e s  
produced by young p la n t s  o f  A ca c ia  cu n eata  and A .c y a n o p h y lla .
T hese c o n s i s t  o f  a p e t i o l e  and a r h a c h is  b e a r in g  two l e a f l e t s .  He 
found in v e r te d  b u n d les in  th e  r h a c h is  a lth o u g h  th e  l a t t e r  n ev er  
form s p a rt o f  th e  p h y llo d e . On th e  o th e r  hand i t  i s  p o s s ib le  
t o  have p h y llo d ic  s t r u c tu r e  w ith o u t  in v e r te d  b u n d le s , a s a lr e a d y  
m en tion ed , and Arber s u g g e s t s  t h a t  h ere th e  p h y llo d e  i s  formed 
by th e  f l a t t e n i n g  o f  a p e t i o l e  w ith  an arc o f  ' • ' " b u n d les
in s t e a d  o f  a c i r c l e ,  w h ich  r e s u l t s  in  a l i n e a r  arrangem ent and 
a b sen ce  o f  in v e r te d  b u n d le s .
I t  w ould be e x p e c te d  th a t  th e  in v e r te d  b u n d les would 
p a ss  through th e  l e a f - b a s e  and j o i n  on d i r e c t l y  to  th e  v a s c u la r  
sy stem  o f  th e  stem , as i s  found in  p e t i o l e s .  The f i r s t  p o in t  
b ro u g h t o u t by th e  p r e s e n t  in v e s t ig a t io n  i s  th a t  th e r e  i s  no 
u n ifo r m ity  in  th e  r e la t io n s h ip  o f  th e  two sv s te m s . In  th e  f i r s t  
ty p e  o f  in v e r te d  b undle system  ( la n th e  ty p e )  th e r e  i s  a d ir e c t  
c o n n e c t io n  o f  t h i s  sy stem  w ith  th a t  o f  th e  stem . In  Adamson’ s 
( 1 9 2 5 ) o p in io n  th e  c o n d it io n  found  in  some s p e c ie s  o f  Juncus do 
"not seem to  a f fo r d  any e v id en c e  f o r  or a g a in s t  th e  p h y llo d e  
th e o r y ."  Even i f  i t  i s  ad m itted  th a t  t h i s  ty p e  d oes n o t o f f e r  
any o h s ta n c le  to  th e  p h y llo d e  th e o r y , i t  i s  d i f f i c u l t  to  se e  
how o th e r  ty p e s  can be made to  harm onize w ith  i t .  Can th e  i n ­
v e r te d  b u n d les  o f  Z ephyranthes C andida, H erb . and N a r c issu s  
p o e t i c u s , L . w hich end in  s to r a g e  t r a c h e id s ,  be c o n s id e r e d  as  
form in g  p a rt o f  an o rd in a ry  p e t i o l a r  system ? In  c o n s id e r in g
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th e  le a v e s  o f  th e  A ga v o ld ea e , A rber in f e r s  th a t  th ey  are  
m o r p h o lo g ic a lly  l e a f - b a s e s ,  th e  s o l i d  apex h a v in g  p e t i o l a r  
s t r u c t u r e ,  s e e  page 9 0 . But how are th e  in v e r te d  b u n d le s  
found  in  th e  lo w er  p o r t io n  o f  th e  l e a f  to  be e x p la in e d  in  r e ­
l a t i o n  to  t h i s  th eory?
I t  i s  p o s s ib le  to  c o n s id e r  th e  e v o lu t io n  o f  th e  
m onocotyledonous l e a f  from  a v er y  d i f f e r e n t  p o in t  o f  v ie w . The 
I n v e r te d  b u n d le  system  can  be c o n s id e r e d  as seco n d a ry , a r i s in g  
r e l a t i v e l y  l a t e  in  th e  e v o lu t io n  o f  th e s e  l e a v e s .  The sim p le  
l i n e a r  b i - f a c i a l  l e a f  w ould th e n  b e p r im it iv e .  f o s s i b l y  two 
l i n e s  o f  e v o lu t io n  have ta k en  p la c e :  ( i j  The l e a f  rem ained
b i - f a o ia la n d  e v o lv e d  a lo n g  l i n e s  s im i la r  to  th o se  in  th e  
D ic o ty lé d o n e s  so  th a t  a lam in a , p e t i o l e  and sh e a th in g  l e a f -  
b a se  were d i f f e r e n t i a t e d .  U n lik e  th e  D ic o ty lé d o n e s  th e  v e n a t io n  
o f  th e  p r im it iv e  l e a f  was m a in ta in ed  w ith  l i t t l e  m o d if ic a t io n  
in  th e  modern form . ( i i )  The l e a f  became u n i f a c i a l  due to  
th e  in tr o d u c t io n  o f  an a c c e s s o r y  a d a x ia l in v e r te d  b u n d le  system  
to  su p p ly  th e  in c r e a s in g  e x te n t  o f  p a l is a d e  t i s s u e  w hich  had 
become c o n c e n t r ic a l ly  arra n g ed . In  t h i s  c a s e  th e  in v e r te d  
b u n d le  system  was form ed to  f u l f i l  a p h y s io lo g ic a l  n eed  and d o es  
n o t r e s u l t  s im p ly  from th e  f l a t t e n i n g  o f  a p r im it iv e ly ,  
c y l in d r i c a l  p e t i o l e ,  as th e  p h y llo d e  th e o ry  s t a t e s .  F u rth er  
e v o lu t io n  a lo n g  t h i s  l i n e  r e s u lt e d  in  th e  p ro d u c tio n  o f  a lam ina  
p e t i o l e  and l e a f - b a s e ,  a l l  w ith  in v e r te d  b u n d les  p r e s e n t .
Secondary o r ig in  o f  v a s c u la r  b u n d les has b een  d e sc r ib e d  
f o r  O rnithogalum  eaudatum . A it  by Lonay (1 9 0 2 ) .  A ccord ing  to  
Lonay th e  p e r ip h e r a l b u n d le s  o f  th e  l e a f - b a s e  are form ed from  
p ro cam bial s tr a n d s , each  o f  w hich a r i s e s  from  a s in g le  m esop h y ll 
c e l l ,  a f t e r  th e  g e n e r a l v a s c u la r  system  has become d if f e r e n t ia t e d ^  
th e  in c r e a s e  i  n v a s c u la r  t i s s u e  o f  th e  l e a f - b a s e  b e in g  
n e c e s s a r y  ow ing to  th e  p resen ce  o f  b u l b i l s .  Thus th e  secon dary  
o r ig in  o f  in v e r te d  b u n d le s  su g g e s te d  in  t h i s  account i s  n ot  
u n iq u e .
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S U M M A R Y .
I .  A d e s c r ip t io n  i s  g iv e n  o f  th e  b i - f a c i a l  l e a f  in  
w h ich  an a d a x ia l  a s s im i la t in g  t i s s u e  i s  in  r e l a t i v e l y  
c l o s e  ap p rox im ation  t o  th e  s in g le  s e r ie s  o f  p a r a l l e l  
v a s c u la r  b u n d les  ow ing to  th e  r e l a t i v e  t h in n e s s  o f  th e  
l e a f .
I I .  The o ccu rren ce  o f  c a v i t i e s  In  th e  m eso p h y ll, run­
n in g  p a r a l l e l  to  th e  v a s c u la r  b u n d le s , are d e s c r ib e d .
I I I .  The th ic k e n e d  p la t e s  in  th e  m esop h yll o f  le a v e s  o f  
O liv ia  n o b i l i s  are d e s c r ib e d .
r\T, S p ir a l ,  n o n - l i g n i f i e d  c e l l s  p r e s e n t  in  th e  m esop h y ll
o f  le a v e s  o f  N erine co r u sc a  are d e s c r ib e d .
V. O nly s i x  g en era  o f  th e  A m a ry llid a cea e , b e s id e s  th e  
C o n o s ty lid e a e  w hich were not in v e s t ig a t e d ,  have con ­
c e n t r ic  l e a v e s .
V I. A d e s c r ip t io n  i s  g iv e n  o f  th e  mature s tr u c tu r e  o f
th e  c o n c e n tr ic  l e a f  in  th e s e  g e n e r a . A d e t a i l e d  
d e s c r ip t io n  i s  g iv e n  o f  e ig h t  s p e c ie s  o f  la n th e  aé  
th e  e v o lu t io n  o f  th e  c o n c e n tr ic  l e a f  i s  in d ic a te d  in  
t r a n s i t i o n a l  form s.
V I I . In  th e  gen u s Agave th e  In c r e a se  in  th e  th ic k n e s s  o f
th e  l e a f  I s  c o r r e la te d  w ith  an in c r e a s e  in  th e  amount 
o f  v a s c u la r  t i s s u e .  The p e c u l ia r  w h ite  h a ir s  on th e  
m argins o f  le a v e s  o f  Agave d i s c e p ta ta  are d e s c r ib e d .
V I I I .  A co m p a risio n  i s  g iv e n  betw een  Fourcroya c u b e n s is
and B e sch o rn ia  J u c c o id e s  w ith  In v e r te d  a d a x ia l  
b u n d les  and D oryanthes e x c e ls a  w ith  n orm ally  o r ie n ­
t a t e d  a d a x ia l  b u n d le s .
IX . In  Fourcroya c u b e n s is  and B esch o rn ia  J u c c o id e s
In v e r te d  b u n d les  are p r e se n t  in  th e  th ic k e n e d  por­
t i o n s  o f  th e  b a se  and m id -r ib  r e g io n  o f  th e  l e a f .
The a p ic e s  o f  th e  le a v e s  f r e q u e n t ly  end in  lo n g  
s o l i d  p o in t s .  Here o n ly  n orm ally  o r ie n ta te d  b u n d les  
a re  p r e se n t  b u t th e s e  become c o n c e n t r ic a l ly  arranged  
so  th a t  some are in v e r te d .  However th e s e  a re  d i s ­
t i n c t  from th e  in v e r te d  b u n d les i n  the lo w er  p art o f  
th e  l e a f .
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X. The b eh a v io u r  o f  th e  in v e r te d  b u n d les a t  th e  b ase  
o f  th e  l e a f ,  and t h e i r  c o n n e c t io n  w ith  th e  stem  w ere  
found to  v a r y . Three ty p e s  a re  d e sc r ib e d :
( i )  The la n th e  t y p e .
In  th e  genus la n th e  th e  in v e r te d  b u n d les are  
form ed by th e  in c u r v in g  o f  b u n d les o f  the  
s h e a th in g  p o r t io n  o f  th e  le a f - b a s e  in to  th e  
b a se  o f  th e  l e a f - l im b .  T h is may be  
accom panied by th e  l o s s  o f  th e  a d a x ia l  s u r fa c e  
when th e  l e a f  becom es u n i f a c i a l .
( i i )  The Agave ty p e .
In  Agave am ericana th e  in v e r te d  b u n d les are  
form ed by b ra n ch es from th e  n orm ally  o r i e n t a t ­
ed  b u n d le s . T hese b ra n ch es move tow ards th e  
a d a x ia l  s u r f a c e , curve sh a rp ly  and proceed  
v e r t i c a l l y  upwards as in v e r te d  b u n d le s . In  
some le a v e s  th e  median in v e r te d  b u n d les  are  
d e r iv e d  from th e  stem  v a s c u la r  sy ste m .
( i i i )  The N a r c is su s  ty p e .
In  N a r c is su s  p o e t ic u s  th e  in v e r te d  b u n d les  
p a ss  down from  th e  le a f - l im b  in to  th e  upper 
p a r t  o f  th e  l e a f - b a s e  where th ey  d ie  o u t, end­
in g  in  groups o f  sm a ll s to r a g e  t r a c h e id s .
XI. In  Z ephyranthes C andida, H erb, a com b ination  o f  th e  
f i r s t  and l a s t  ty p e s  i s  fou n d . The fo u r  or f i v e  
m edian in v e r te d  b u n d les  resem b le th o se  o f  N a r c issu s  
p o e t i c u s , ea c h  bundle en d in g  in  a group o f  s to ra g e  
t r a c h e id s .  The two m arg in a l in v e r te d  b u n d le s  are  
d e r iv e d  by th e  in c u r v in g  o f  two o f  th e  n orm ally  
o r ie n ta t e d  b u n d les  o f  th e  sh e a th in g  p o r t io n  o f  th e  
l e a f - b a s e  a s in  la n th e  a q u a t ic a .
X I I . A d is c u s s io n  o f  th e  P h y llo d e  th e o ry  i s  g iv e n .
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NOTE ON NOffiNCLATURE.
C e r ta in  o f  th e  s p e c i f i c  names a t  p r e s e n t  in  u se  fo r  th e  
H ypoxideae are in  p o in t  .o f  f a c t  in v a l id .  However i t  i s  
im p o s s ib le  t o  d is c u s s  r e v i s io n  h e r e ,  as t h i s  i s  n o t a taxom ic  
p a p e r . The nom em clature g iv e n  in  N el*s paper (1914) in  E n g ler^ s  
Yahrbttcher -  "Die a fr  ik a n isc h e n  A rt en  d er A m aryll id a c e a e -  Hypox 
id e a e  Bd LI p . 2 8 7 , has b een  u s e d .
( i )  la n th e  m inuta (L in n  f i l )  W illia m s .
( i i ) ^  la n th e  a lb a  (L in n  f i l )  S a l i s b .
( i i i )  la n th e  a q u a t ic a  (L inn f i l )  W illia m s .
( iv )  la n th e  s t e l l a t a  (L inn f i l ) W iliam s. .
(v ) la n th e  ova t a  (L in n  f i l  ) S a l i s b .
( v i ) la n th e  S c h le c h te r -i (B b l) W illia m s .
( v i i )  la n th e  c u r c u l ig o id e s  (B o l)  W illia m s.
The f i r s t  f i v e  s p e c ie s  appeared  under th e  g e n e r ic  H yp ox is, 
L in n . , in  L inn  f i l .  S u p p l. 1 9 7 -8 , w h ile  th e  o th e r  two were
p la c e d  by B o lu s  in  th e  same g en u s . Hook I c .  t .  2259 A&B.
( v i i i )  la n th e  f l a c c i d a ,  N e l.
( i x )  H ypoxis v i l l o s a ,  L inn f i l .
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DESCRIPTION OP PLATES.
P la t e  I f i g s  1 -2  HAEMANTHUS COCCINEUS. F ig  1 .  B u lbs and 
in f lo r e s c e n c e  s t a l k s . S te l le n b o s c h  Iffis. P ig  2 . A p la n t  w ith  
f o l i a g e  l e a v e s ,  grow ing in  B edford  C o lle g e  g r e e n -h o u se .
P ig s .  3 - 4 .  HABMANTEÎUS ROTUNDIPOLHrS. P ig  3 - B u lb s , S t e l l e n -  
b o sh  P la t s .  F ig  4 .  L eaves in  n a tu r e , S te l le n b o s c h  P la t s .
P la t e  I I .  P ig s  1& 2 .  BRUNSVIGIA GIGANTEA. Leaves in  n a tu re , 
S te l le n b o s c h  P l a t s ,  and K ir s te n b o sc h , S outh  A fr ic a , r e s p e c t iv e ly .
DESCRIPTION OF PK^RBS.
P ig s  1 7 7 -1 8 0 . 1 7 7 . Haemanthus c o c c in e u s .  T ran sverse  s e c t io n
o f  l e a f ,  a -  m esop h yll broken  down to  form c a v i t i e s ,  b = a d a x ia l  
p a l i s a d e ,  c s  m u cilage c e l l ,  x  1 5 5 . 1 7 8 . Haemanthus
r o t u n d i f o l i u s . T ran sverse  s e c t io n  o f  l e a f ,  l e t t e r i n g  a s in  f i g  
1 7 7 . X 1 5 5 . 1 7 9 . A b a x ia l s u r fa c e  o f  sam e. x  155 .
1 8 0 . B r u n sv ig ia  P a rk er i v a r . a lb a .  T ran sverse  s e c t io n  o f  l e a f .
X 3 3  V T T
F ig s  1 8 1 -1 8 4 . C l iv ia  n o b i l i s . 1 8 1 . T ran sverse  s e c t io n  o f  l e a f ,  
t  a p la t e s  o f  th ic k e n e d  c e l l s ,  p « p l t t s .  x  s  c a lc iu m  o x a la te  
c r y s t a l s ,  x  4 O8 . 1 8 2 . D iagram m atic t r a n s v e r s e  s e c t io n  o f  l e a f ,
l e t t e r i n g  as in  f i g  1 8 1 . x  33 1 / 3 .  1 8 3 . L o n g itu d in a l s e c t io n
show ing d e t a i l s  o f  c e n t r a l  th ic k e n e d  c e l l s ,  x  4 0 8 . 1 8 4 . A p ic a l
p o r t io n  o f  l e a f  show ing v e n a t io n , n a tu r a l s i z e .
F ig s  1 8 5 -1 8 8 . 185 . S p r e k e lia  fo r m o s is s im a . L o n g itu d in a l s e c t io n
o f  l e a f  show ing a r m -p a lisa d e , a d a x ia l  s u r f a c e ,  a s  a i r  sp a ce .
X 4 0 8 . 1 8 6 . C a l l i p h u r ia  H artw egiana . L e a f  show ing v e n a t io n ,
X I 8 7 . P a r t  o f  t r a n s v e r s e  s e c t io n  in  m edian p a r t ,  x  33 1 / 3 .
1 8 8 . E u ch a r ls  M a s t e r s i i . T ran sverse  s e c t i o n  o f  l e a f ,  x  4 0 8 .
P ig s  1 8 9 -1 9 0 . N erine c o r u s c a . 1 8 9 . T ran sverse  s e c t io n  , and 190  
l o n g i t u d in a l  s e c t io n  o f  l e a f ,  show ing d e t a i l s  o f  s p i r a l  c e l l s .
X 4 O8 .
P ig s  1 9 1 - 1 9 4 . Bomarea c a id a s ia n a . 1 9 1 . T ran sverse  s e c t io n  o f  
l e a f .  X 3 3  1 / 3 . 1 9 2 . D e t a i l  o f  tr a n s v e r s e  s e c t io n ,  x  4 0 8 .
1 9 3 . L o n g itu d in a l s e c t io n .x 4 0 8 .  1 9 4 . T ra n sv erse  s e c t io n  show­
in g  a v a s c u la r  bundle w it h  xylem  tow ards p h y s io lo g ic a l  lo w er  s u r ­
f a c e .  X 4 0 8 .
P i g s .  195“ 199* M b lin er ia  r e c u r v a ta . 1 9 5 . D iagram m atic t r a n s ­
v e r s e  s e c t i o n ,  x  3 3  1 / 3 .  I 9 6 . Stoma w ith  su b s id a r y  c e l l s ,  x  4 08
1 9 7 . D e t a i l  o f  t r a n s v e r s e  s e c t i o n ,  x  4 0 8 . 1 9 8 . D e t a i l  o f  lo n g ­
i t u d in a l  s e c t i o n  o f  b a se  o f  h a ir ,  x  6 8 0 . 1 9 9 .D e t a i l  o f  l o n g i t ­
u d in a l  s e c t i o n ,  s  a s c l e r o t i c  hypoderm al c e l l s ,  x  4 0 8 .
104.
P ig s .  2 0 0 -2 0 2 . H ypoxis v i l l o s a . 200 . T ran sverse  s e c t io n ,  w ith  
la r g e  ep id erm al c e l l s  shown d ia g r a m m a tîc a llÿ . x  33 1 / 3 .  2 0 1 .
L o n g itu d in a l s e c t io n  show ing d e t a i l  o f  b a se  o f  h a ir ,  x  4 0 8 .
2 0 2 . T ran sverse  s e c t io n  show ing d e t a i l  o f  stom a, x  4 0 8 .
P ig .  2 0 3 . C y a n e lla  c a p e n s l s . T ran sverse  s e c t i o n  o f  l e a f ,  x  33 1 
/ 3 . P ig s  2 0 4 - 2 0 5 . L a n a rla  p lum oaa. 2 0 4 . P o r t io n  o f  t r a n s ­
v e r s e  s e c t i o n ,  x  4 O8 . 2 0 5 . D iagram m atic t r a n s v e r s e  s e c t io n .
X 33 1 / 3 .
P ig s  2 0 6 - 2 0 7 . Z ephyranthes A t amas c o .  20^ . T ran sverse s e c t io n  
o f  l e a f .  33 1 / 3 .  2 0 7 . D e t a i l  o f  p o r t io n  o f  ep id erm is  and
p a l i s a d e . X  4 0 8 . F ig s  2 0 8 -2 1 0 . N a r c is s u s . 208 . T ran sverse
s e c t io n  o f  l e a f  o f  N. J o n q u i l l ia  v a r .  j o n g u i l l o i d e s . x  3 3  1 /3 .
2 0 9 . T ran sverse  s e c t io n  o f  l e a f  o f  Ü. t r la n d u s . 33 1 /3 •
2 1 0 . T ra n sv erse  s e c t io n  o f  l e a f  o f  N. Bulbocodium  v a r . c i t r i n u s . 
X 33 1 / 3 .
P ig s  2 1 1 - 2 1 3 . Agave d i s c e p t a t a . 2 1 1 . T ran sverse  s e c t i o n  o f  
l e a f .  X 33 1 / 3 .  2 1 2 . D e t a i l  o f  m argin . x  4 0 8 . 2 1 3 . D e ta i l  o f
ep id erm is  and p e r ip h e r a l m eso p h y ll. x  4 O8 .
P ig s  2 1 4 - 2 2 0 . B e sch o rn ia  J u c c o id e s . 2 1 4 -2 1 9 . are o f  s u c c e s s iv e  
t r a n s v e r s e  s e c t io n s  from  apex to  b a se  o f  l e a f ,  x  3 3  1  / 3 .
2 2 0 . D e t a i l  o f  p e r ip h e r a l t i s s u e s  a t  l e v e l  o f  f i g  2 1 8 . x  4 0 8 .
P igtt 2 2 1 - 2 2 3 . D oryanthes e x c e l s a . 221 . T ran sverse  s e c t io n  o f  
m id -r ib , in  th e  c e n tr e  o f  th e  l e a f ,  x  3 3  1 / 3 .  222 . T ran sverse
s e c t io n  o f  p o r t io n  o f  lam in a  w in g s , x  33 1 / 3 .  2 2 3 . D e t a i l  o f
p e r ip h e r a l t i s s u e s  o f  tr a n s v e r s e  s e c t io n ,  f i g  222 . x  4 0 8 .
P ig  2 2 4 . F ourcroya c u b e n s is  v a r . in e r m is . T ran sverse s e c t io n  o f  
p e t i o l a r  b a s e ,  x  I 4 .
P i g s . 2 2 5 - 2 3 5 . la n th e  m in u ta . 2 2 5 -2 2 8 . S e r ie s  o f  l e a v e s  from a 
s i n g l e  p la n t ,  n a tu r a l s i z e .  2 2 9 . T ran sverse  s e c t io n  o f  o u te r  
l e a f ,  2 2 5 . X 33 1 / 3 .  2 3 O. T ra n sv erse  s e c t i o n  o f  seco n d  l e a f ,
2 2 6 . X 9 0 . 2 3 1 . T ra n sv erse  s e c t io n  o f  apex o f  secon d  l e a f .
X 33 1 / 3 . 2 3 2 - 2 3 4 . T ran sverse  s e c t io n s  o f  th ir d  l e a f , 227 . x
33 1 / 3 . 2 3 2 . C en tre . 2 3 3 . Near ap ex . 234- A pex. 2 3 5 . Med­
ia n  p o r t io n  o f  fo u r th  l e a f ,  2 2 8 . x  33 1 /3 •
P ig  2 3 6 - 2 5 7 . la n th e  a lb a . 2 3 6 -2 3 9 . S e r ie s  o f  l e a v e s  from a 
s i n g l e  p la n t ,  n a tu r a l s i z e .  2 4 O -2 4 4 . A s im i la r  s e r i e s  from  
a n o th er  p la n t ,  n a tu r a l s i z e .  2 4 5 . T ran sverse  s e c t io n  o f  median 
p o r t io n  o f  o u te r  l e a f , 2 3 6 . x  9 0 . 2 4 6 -2 5 2 . x  3 3  1 / 3 .  S e r ie s  o f
t r a n s v e r s e  s e c t io n s  from  b ase to  apex o f  s o l i d  t i p  o f  second  
l e a f ,  2 3 7 . 2 5 3 - 2 5 6 . X 33 1 / 3 .  S e r ie s  o f  tr a n s v e r s e  s e c t io n s  a t
b a se  o f  l e a f ,  2 4 3 , 2 5 3 . At b ase o f  l e a f - 1  imb to  2 5 6 . in  s h e a th ­
in g  l e a f - b a s e .  2 57 . D e t a i l s  o f  p e r ip h e r a l m esop h yll o f  median  
p o r t io n  o f  l e a f ,  2 4 3 . x  9 0 .
105.
F ig s  2 5 8 -2 6 4 - la n th e  S o h le c h te r 1 . 264* O uter l e a f  o f  p la n t
n a tu r a l s i z e .  258 . T ran sverse  s e c t io n  o f  p a r t  o f  sh e a th in g
l e a f - b a s e . x  33 1 /3 -  2 5 9 -2 6 3 - x  33 1 /3 .  S e r ie s  o f  tr a n s v e r s e
s e c t io n s  from  th e  b ase o f  th e l e a f - l im b ,  259 to  th e  a p ex , 2 6 3 .
F ig s  2 6 5 - 2 6 9 . la n th e  a q u a t ic a . 265- O uter l e a f ,  n a tu r a l s i z e .  
2 6 6 - 2 6 8 . T ran sverse  s e c t io n s  o f  th e  sh e a th in g  b a se , th e  base o f  
th e  l e a f - l im b ,  and th e  c e n tr e  o f  th e  l e a f - l im b  r e s p e c t iv e ly ,  x  2 3 . 
2 6 9 . D e t a i l  o f  t r a n s v e r s e  s e c t io n  a t  l e v e l  o f  f i g  2 6 8 . x  9 0 .
F ig s  2 7 0 - 2 7 5 . Agave a m erica n a . 2 7 0 . T ran sverse  s e c t io n  o f  b a se  
o f  young s h o o t . a a o u te r  l e a f ,  b a in n e r  l e a f ,  c s  in v e r te d  
b u n d le . d = p a r t i a l l y  in v e r te d  b u n d le , e = r o o t ,  f  a m eristem -  
a t i c  zon e, x  1 4 - 2 7 1 . S e c t io n  a t  base o f  o u te r  l e a f .  2 7 2 -
2 7 5 . X 3 3  1 / 3 . 'The fo r m a tio n  o f  th e  th ir d  In v er te d  b u n d le .
2 5 7 . T ran sverse  s e c t io n  .o f upper p a r t  o f  sh e a th in g  l e a f - b a s e  show­
in g  th e  o rd er  o f  th e  appearance o f  th e  In v e r te d  b u n d le s , x  33 1 /3 #
F ig s  2 7 6 -2 8 1 . N a r c is s u s  p o e t i c u s . 2 7 6 . T ran sverse  s e c t io n  o f  
b a se  o f  young sh o o t w ith  two le a v e s  shown, x  3 3  1 /3  . 277 . P ro -
cam b ia l s tra n d ' a t  th e  b a se  o f  in v e r te d  b u n d le , x  4 0 8 . 2 7 8 . B a s­
a l  t r a c h e a l  m ass o f  in v e r te d  b u n d le , x  4 0 8 . 279 . In v e r te d
b u n d le , d i f f e r e n t i a t e d ,  a t  l e v e l  o f  f i g  2 7 6 . x  4 O8 . 2 8 0 . T rans­
v e r s e  com m issure p a s s in g  from norm al bundle to  t r a c h e a l  mass o f  
in v e r te d  b u n d le , b, in  f i g  2 7 6 . x  4 0 8 . 2 8 1 . S in g le  t r  ache id  a t
b a se  o f  in v e r te d  b u n d le , b  , in  t r a n s v e r s e  s e c t io n ,  x  4 O8 .
F ig s  2 8 2 - 3 2 5 . Z ephyranthes c ^ d i d a . 2 8 2 -2 8 4 - x  1^ . 282 . The
b a se  o f  a s h o o t  w ith  th r e e  f o l i a g e  l e a v e s . 2 8 3 . B ase o f  secon d
l e a f .  2 8 4 . Base o f  t h ir d  or in n erm ost l e a f .  285 , 2 8 6 , 289 , 2 9 7 ,  
2 9 3 , 3 0 0 , 3 0 1 , 3 0 3 , 3 0 4  are a s e r i e s  o f  tr a n s v e r s e  s e c t io n s  show­
in g  th e  appearance o f  th e  in v e r te d  b u n d les in  th e  t r a n s i t i o n  
r e g io n ,  x  2 3 . 287- T rach ea l mass a t  b ase  o f  in v e r te d  bundle No.
2 .  X 4 O8 . 2 8 8 . In v e r te d  bundle N o .2 a t  a h ig h e r  l e v e l ,  x  4 O8 .
2 9 0 - 2 9 2 . In v e r te d  b u n d le  N o.3 b a s e ,  t r a c h e a l  m ass, and upper p a r t ,  
r e s p e c t i v e l y .  294-296  . x  4 0 8 . In v er te d  b u n d le  N o.4  b a se , t r a c h ­
e a l  m ass, and upper p a r t ,  r e s p e c t iv e ly .  2 9 8 . D e t a i l  o f  upper 
p a r t  o f  b u n d le  in  th e  sh e a th in g  p o r t io n  o f  th e  l e a f - b a s e ,  a in  
f i g  2 9 7 .x  4 0 8 . 2 9 9 . D e t a i l  o f  m arginal b u n d le  o f  sh e a th in g
p o r t io n ,  b  in  f i g  2 9 7 . x  4 O8 . 3 0 2 . D e t a i l  o f  same b u n d le , b a t
l e v e l  o f  f i g  3 O I. x  4 O8 . 305- Same b u n d le , b s  N o.5  a t  l e v e l  o f
f i g  3 0 4 . X 4 0 8 . 3 0 6 - 3 1 0 . X 2 3 . S im ila r  s e r i e s  o f  tr a n s v e r s e
s e c t io n s  o f  t r a n s i t i o n  r e g io n  o f  secon d  l e a f .  3 I I .  P rocam bial 
s tr a n d  a t  b a se  o f  in v e r te d  bun d le N o .I . x 4 O8 . 3 1 2 . In v er ted
b u n d le  N o.3 d i f f e r e n t i a t e d ,  x  4 O8 . 313- Pro cam bial s tr a n d  a t  b a se  
o f  in v e r te d  bun d le N o .4 . 3 1 4 -3 1 9 . S im ila r  s e r i e s  o f  t r a n s v e r s e
s e c t io n s  o f  th ir d  l e a f ,  from  b a se  to  c e n tr e  o f  l e a f - l im b .x  3 3  I / 3 . 
3 2 3 - 3 2 5 . T ra n sv erse  s e c t io n s  o f  m edian v a s c u la r  bun d le o f  th e  
t h ir d  l e a f  a t  th è  b a s e , in  th e  immature zo n e , and in  th e  m ature 
p a r t  o f  th e  l e a f - l im b ,  r e s p e c t i v e l y ,  x  4 0 8 . 3 2 2 . D iagram m atic
r e p r e s e n t a t io n  o f  th e  v a s c u la r  sy stem , in  th e  t r a n s i t i o n  r e g io n  . 
co n tin u o u s  b la c k  l i n e s  -  in v e r te d  b u n d les , broken l i n e s  = the  
norm al b u n d le s . 3 2 0 -3 2 1  .Ends o f  two In v e r te d  b u n d le s , a and b in  
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